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PREFACE 

Thu « Arbor's Lectiu^s m' tl^ Uhiversify o^Ojkni bridge 
upon thi" fiKflern manufacture, testing and uses of camerit, 
and those more recently deTivV^fd for the Royal Society 
and the Jnslitutiou of Civfl EngiiK&Fs (and for which Mr. 
DaTis was awarded the Mullins Shiver Medal), have 
awakened a new interest in the sconce and technology of 
Portland Cement. 1 have thus decided to publish a third* 
edition of the Author’s hook og JJie subject for the informa- 
tion of •cement users. * , 

The entire contents of the second edition have been re- 
written and brought up to date by the insertion of 
matter dealing with the latest available information con- 
cerning the manufacture and testing of Portland Cement, 
including a description of the newest labour saving 
devices and testing appliances and methods, and the latest- 
theoretical conclusions as to its constitution. ** 

The Author has taken pains to make the science of 
cement au easy subject for study by the consumer, and 
the, valuable illustrations included in this new issue add 
additional § ftiterest and will further explain the text to 
tbos$ riders whose business it is to treat with Portland 
Cement. 
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THE MANUFACJUR 
PORTLAND CEMENT 



Introduction. 

CHAPTER I! 

Till', application of Portland cement in general construc- 
tion covers so wide a sphere of usefulness that each year 
folds it successfully employed in some new work, and 
mufierous instances of this point to the great strides which 
have been made during recent years in the science of 
the manufacture of this invaluable product. Foundations 
Jortilications, bridges, breakwaters, docks, canals, dams, 
reservoirs, silos, cement-concrete streets, roads, and foot-, 
paths, with their remarkable neatness and evenness, 
together with partitions, roofing tiles, paving slabs, build- 
ing blocks, boats, rafts, barges, caissons, and ships, and 
in-day, entire buildings, chimney shafts, and pressure 
pipe lines, all creeled in reinforced concrete, represent a 
few of the important works carried out in Portland 
cement. Tfose illustrations mark hut t lie beginning of 
an ora V •cement in the field of engineering and archi- 
tecture. i 

Originally invented in England about a century ago, 
Portland cement of British manufacture is still para- 
mount. 

For some years cement makers have been actively en- 
gaged in building new cement works and putting down 
iijsto-date plant in obsolete factories, with the result that 
for quality of product combined with low cost of produc- 
tion, the British manufacturer has nothing to fear from 
oversea competitors, and British Portland cement to-day 
1 has no rival in quality the world over. 

The debt wjiich the community owes to Portland cement 
is hardly recognised as widely, as it should bp. Its inven- 
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alone rendered possible mftiu oi thj; 6xtr'aordyiary 
architectural, and more especially engineering, feats of the 
past century— its durability far exceeding iron* bricks 
and building stone.’ 

-- MMie present excellence is tfte qulcpnre ol years oi paliypt 
scientist' Invest iga film and study; anil, although* ’.the 
name* of the inventors Snd |lt*rfectors of Port hind ccmivil 
(who laboured principally during tin* first lfnl Pol' the mne- 
leentli century) are f forgot ten, or. at least, but dimly 
remembered* tin* iVSul] of flieir work lias originated and 
assisted design W> as great or perhaps tp a greater extent 
than lias the introduction of mild steel for constructional 
purposes. 

History of Cement— Smeaton, 1757. As to the 

history of cements, lift’ first information to be found in 
regard to the discovery of Portland cement or its allied 
materials is in t I k* records left by that eminent engineer, 
John Smeaton, who, during the construction of the lirsl 
Eddy stone Jiighthouse, in 17o7, discovered that by burn- 
ing a mixture of lime and ela\ the resulting product 
possessed the properly of hydraulicity. It is reasonable to 
suppose that the material which Smeaton then prepared 
was a hydraulic lime as we know it to-day. 

Vicat, Fifty Years Later.-- Little notice was, how- 
ever, paid to Smeaton's discovery, and some fifty veals 
later the French chemist Vicat followed Smeaton's obser- 
vation to its natural and logical conclusugi in making a 
cement by burning together finely pulverised t c \\$ lk and 
clay, after having mixed them into pjjste. -His process, 
however, again received little attention. 

Aspdin in 1824. In the year 18:21 the practical 
commencement of tin* manufacture of what we know to- 
day as “ Portland ” cement took place, when the English 
mason . Joseph Aspdin, of Leeds, found that by mixing in 
eertain well-defined proportions finely pulverised chalk 
with clay and burning the same at a high temperature 
and grinding the product, he was able to produce 
a hydraulic binding material fa$ exceeding in quality 
any [deduct known up to that time. This material 
possessed the delictite grey colour of Portland stojic, and 
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- thus J’ecefv^f t^je name ftf “ Portland ” cement, whfch 
formed the subject of A spilin' s oft-quoted patent of October 

*•2 1st, lfti-l. 

First used 'in funnel, 1828 .— It is safe 

to*ussume that one the Thames # tunnels, constructed 
in * 18:28, was the first, engineering work of # import- 
, ance in who'll Portland cement was used. The pfioe at 
that time was *Jls. per cask at the work's, and a superior 
quality product could be puwdiasiid* pjior to the war at 
some^s. per cask, so much have tlie conditions of the in- 
dustry Altered in the past three-quarters of a century. 

What Portland Cement is.— r l1ie term “ Portland ” 
is limited to a hydraulic cement containing proportions of 
lime, silica and alumina within certain limits, and at once, 
distinguishes the valuable constructive material bearing 
tAaf title from other cementitious substances. 

As the classifications of hydraulic products vary, so do 
the definitions of Portland cement, and the opinions as to 
what shall be included in the term. 

To be perfectly clear, then, as to what. Portland cement 
net iialh is, reference should be made to the official descrip- 
tions of the product in the largest cement-consuming 
countries, viz. : - 

, Great Britain.— The British Standard Specification 
defines Portland cement in the following terms:— 4 The 
cement shall be manufactured by intimately mixing to- 
gether calcareous and argillaceous materials, burning them 
at a (tinkering temperature, and grinding the resulting 
clinker, so as to produce a cement capable of complying 
with the specification.” 

France. — In the French Government Specification 
Portland cement is defined as ‘ 4 The product of the 
grinding of clinkered rock, obtained by burning to the 
point of softening an intimate mixture of carbonate of 
lime and argillaceous matter, rigorously combined and 
chemically and physically homogeneous in all its parts." 

United States of America— The American Standard 
of Portland cement defines the product as “ Tfye finely 
pulverised product resulting from tlie calcination of an 
intimate mixture of properly proportioned argillaceous and 
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calcareous materials, and to which no ” dilution greater 
' tlian 3 percent, has been made subsequent to calcination 

Summary of Descriptions — So it will be seen that 
from a study of these various descriptions we reallv arrive 
at the point jliat * , 

Portland cement is a chemical product obtained by 'the 
preliminary mechanical mixture of carbonate of lime \\ i 1 1 1 
silica and alumina, •which after passing through tbe 
succeeding stages of manufacture, results in a combination 
of silicates and aluminates of lime. 

The centres of the manufacture of Portland cement 
are well distributed over the country — namely, in the 
North and South, Midlands, and East of England, and 
Wales in the West. In Ireland, the latest cement factorv 
has been erected near Larne. In Scotland, cement works 
are situated near (llasgow and Edinburgh. There are 
to-day about HO factories in England, 1 in Wales, 4 in 
Scotland, and 2 in Ireland. 

The normal size of a factory is one having an output of 
wane 5(H) to 1,000 tons of Portland cement per week, and 
m the United Kingdom alone there are cement factories 
with a total output of 3,500,000 tons of cement per annum. 

The Capital Cost of these factories, upon a broad 
estimate of £4 per ton of annual output, would approach 
some 4*14, 000, 000. 


The number of Employees in the industry, based 
U}kjii a figure of six tons of cement output per man per 
week, approximates 12,000 men. 

\ 

The extent of the Industry over the World may be 

gauged from tbe following details of total manufacture in 
tbe largest cement producing countries, viz. : — 


United Kingdom 

U.S. of America 

(icrmany 

France 

Panada 

Italy 

Belgium 


Tons per Annum. 
. 3,500,000 

. 16,000,000 

6,000,000 

1.250.000 

1,000,000 

1 , 000 , 000 , 

1.060.000 




Moivfrn Dry Pru(F« Cemlkt Works with mi \ft Kilns. 
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c Portland cement can be produced from any^w materials 
containing constituents capable of yielding by calcination 
the silicates and aluminates of lime which form i£s chiet 
components; and the nocqgsary constituents, of these raw 
materials are lime, silica and alumina. Small additions 
of iron pxide are des : rablc for fluxing the se materials. 

'Idie raw materials ;'sed . for the manufacture, there- 
by, are carbonate of lime, usually* in the form 
of chalk or limestone, and silica and alumina, usually 
m the combined fori A of slide or clay. 

The two Inaterials for the necessary combination indis- 
pensable for the manufacture of cement are not always 
found upon the same site. For the Thames and Medway 
works, as an instance, a chalk do|>osit, usually flinty , L 
found on I he site where the works are situated, and this, 
together with clay or' mud taken from the hanks of the 
rivers Thames and Medway, is used in the manufacture. 
On the other hand, the Cambridgeshire and Bediord- 
slure works are able to obtain from one deposit all 
the necessary raw materials for the manufacture 
of Portland cement. Works in the Rugby and 
South Wales districts use limestone and shale from I lie 
geological de|)osit known as Lias. On the II umber, chalk 
is used, and in Ireland an indurated chalk with chn 
dredged from Lough Larne is used. 3n Scotland, blast- 
furnace slag is used as a raw material, and at otb 'r 
works hard limestone is employed. 

The suitability of locality depends primarily upon the 
manner of the occurrence of these requisite*, the location 
of the deposit with respect to the cemcntVoiisimiing 
market and the fuel supplies, for sit ice with every ton 
of eVment manufactured there will he list'd half a ton of 
coal, the location of the factory in regard to cheap fuel 
supplies is quite an important factor. 

Tf it were at all possible to find a geological formation 
of uniform composition containing exactly the right- 
amount of naturally mixed chalk and clav, Portland 
cement could be made from it by the cheap and simple 
method of merely burning lumps of the material as quar- 
ried and grinding the rcsultrnt clinker, but since such 
a material has not been discovered in quantity in (Ireat 
Britain, this method of manufacture is hardjy practicable, 
for a variation of even 1 per cent, of the proportion of ear- 
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Inmate oHtwie in "the raw materials, to say nothing of the 
irregular com ixl^it ion of the other ingredients is sufficient 
.to destroy tfoe reliable quality of the resultant cement. 

In miinufact4iriiV dMrtlaii^FVement, carbonate of lime 
a i*l clay, or other argillaceous material, are first efficiently 
and* accurately amalgamated in oertSiu fixed proportions, • 
eUher with* the addition of \latcr v to the raw malefials or 
by the fiiie f gritidmg and mixing of the •same in their tlry 
state. 

The composition of a prepared mixture of these raw 
malefials should be, broadly, three-part*? of chalk, or cal- 
careous constituent, to one of clay, or argillaceous con- 
stituent. 

The \arious raw materials commonly employed in the 
manufacture of Portland cement jjt the present day may 
he more fully described as follows: — 

Thames and Medway Materials- 1 n the Thames 
and Medway districts the chalk formation on the banks of 
the rivers is quarried, and this material is mixed with t.ho 
deposits of clay found in the estuaries and creeks. The 
chalk deposits,' often containing Hints, which must be ex- 
tracted, have a. depth of UK) to IKK) feet, and the excavation 
is carried on hy mechanical means. The greater part of 
y 1P clay used hv the Thames and Medway manufacturers 
is the alluvial mud referred to, forming the beds of the 
rivers. The two raw materials are mixed together in 
correct, proportions by what is called the wet process of 
nmnufectare. which will he explained ill another chapter. 

Cambridgeshire Chalk Marls. The chalk Snarls 
around Cambridge ha\e long been proved to Ik* suitable 
for the manufacture of cement. The “ marl is a 
naturally mixed deposit of calcareous and argillaceous* 
material and is to he found at the base of the local chalk. 
It differs from the main mass of the chalk above in the. 
quantity of the clay it contains, as might have been ex- 
pected, 'seeing that the chalk deposit succeeded geologically 
a deposit of line gault claw, and it is probable that during 
the changing geological conditions the sea would not he 
at onc£ eleajed of mud. 
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Lias Formation. — In the cement- making' districts 
of ‘Warwickshire and Soiitli Wales the T jiifV; formations of 
limestone and shale are employed, and these rpaterials art* 
most successfully treated fjjr the manufacture’ of Tort- 
land exmamt. The thin layors of fl j Heston c, with th<;ir 
variation m composition, must 1 he c ver\* accupitelv and 
•vttieienily dealt- with. Ik working the Lias formation it ( ifc 
found that the preponderance of shale in* proportion to 



Qcaimjy in tu n Lowki: Li\s Fokmatiox. 

limestone ( which is generally found to contain 78 to 85 
.per cent, of carbonate of lime) renders the cost of working 
heavy, because of the removal of surplus clayey material 
not required in the manufacture. 

The Lias formation consists* of layers of impure lime- 
stone of varying thickness, ranging from 2 in. to 2 ft., 
and parted by bnndfe of shale and clay, the total thickness 
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of shale l>ais*considerabl\i exceeding, as a rule, that of Uic 
limefttone, whifh necessitates removal and tipping the 
waste.* 

Northern Wdrfc and Materials. — On the Tyne, 
Tees and Humber in ,th£* North of England generally, 
Portland eement is sometimes manufactured from chalk „ 
on the spot or imported Irfan tile Thames, Medway or 
Sussex distficts, and this is mixed with .a local clay found 
on the site of the works. From t this mixture a good 
quality cement is manufactured. f 
• 

ScotFand.— N far Edinburgh pure limestone is mixed 
with lower grades of stone. Other Scottish works use slag 
as a raw material. 

Ireland.— Near Larne, a deposy of indurated chalk (or 
limestone* is employed for the manufacture of cement ,<;md 
thi* is intimately mixed with clay dredged from the Larno 
Lough. 

The above descriptions deal with the most important 
deposits of cement raw materials over the country. 

In the United Stales most of the cement produced is 
from the Lehigh Valley jargillaceous limestone, which con- 
tains rather more clay than is required for a correct mix- 
ture. To this a small amount of pure limestone, usually 
K) to *20 per cent., is added to bring the mixture up to the 
necessary percentage of calcium carbonate required in the 
manufacture. 

» 

Summary of Raw Materials.— It will thus be seen 
that, given chalk ^md a suitable clay in approximate pro- 
portions of 3 to 1, or lime with silica and alumina ir any 
other form, but correctly proportioned, it is of the first 
importance that these materials shall be treated with a 
full knowledge of the all-important chemical and mechani- 
cal operations of combining them, which alone can secure 
the manufacture of a reliable product. 

Raw Material Mixing.— The mixing processes by 
w T hich these raw materials are brought to the condition for 
chemical combination will he duly explained in detail, but 
it should be emphasised that the preliminary mechanical 
blending of*the raw materials for the Manufacture of 
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Portland cement is a stage requiring the’ ntnoofft* technical 
skill. The thoroughness of the process primarily dhter* 
mines the quality of the resulting cement % and»if tlie# 
manufacturer js to turn out a product of reliable quality , 
the scientific supervision of this bran<*h»of tfie manufacture 
is of paramount importance. 

1 The,' first conditions v( any method of preparing raw 
materials for Portland cement man uf act ureian*— that they 
shall he (1) correctly proportioned, (*2) very finely com- 
minuted, and CD tboftitighl}* mixed. 

The propoflious of chalk and clay must he kej>V to a 
slandard as close as possible to the ascertained analysis, 
and this at the prdkent time, in the most successful 
cement works, is carried out under the supervision of the 
works’ chemists. 

It is, firstly, essentia? that extreme care should he exer- 
cised in obtaining the correct proport ions of the chalk and 
clay, or whatever other raw materials may Ik* used in the 
process, so that the resultant mixture may he relied upon 
to contain the exact- chemical constituents necessan for 
the manufacture of a thoroughly sound cement; for, if the 
raw materials are not mixed in this proper proportion, 
nothing can he done later to correct it, and the result will 
he an inferior product. 

The proportioning of the ingredients is governed by 
continuous laboratory checking of the raw materials uk 
they are quarried, and this testing by the works’ chemists 
goes on night and da\ , as long as the manufacture is 
proceeding. * 

TTow the next preliminary condition of the mflmfi’acture 
can best he fulfilled— that of the redaction of the raw 
materials — depends chiefly upon their character, so that 
the details of the. methods adopted ly manufacturers for 
grinding generally vary with the nature of the raw 
materials used. 

Two Processes of Mixing.— There are two prin- 
cipal methods of reducing and mixing the raw materials : 
firstly, In the “ Wet Process,” applicable mainly, al- 
though not solely, to soft materials, the correct quantities 
of the i^i w ingredients being g/oun*! and mixed by the aid . 
of a considerable ayinuut of water; secondly, the “ l)n 
Process,” in which the perfectly dry material are ground 



MANUFACTURE OF PORTLAND .CEMENT 11 


together fo*in impalpable powder or “ flour,” and sub- 
sequently mixed to correct chemical proportions. 

Wet .Pfoces^.— The wet process of mixing the raw 
materials is particularly adapted to such materials as are 
i^isijv disintegrated •by* the addition of water. This 
gu-rhod of mixing, as originate^ and developed • in tho 
United Kiqgd^m, is employed to a considerable extent hv 
I be manufacturers of cement on the Thames # and 
Medway, which is still the 4'hief* neat of the industry. 
By jhis process the soft chalk, as quarried, and 
clay aff* weighed into what is called a ** wash-mill,” 
where a large amount of water is* added. The wash- 
mill is usually a circular brick-lined pit, often of some 
15 feet or more in diameter, and 5 feet deep. In the 
centre of this pit is a- concrete or brick pier, carrying a 
vertical Shaft, driven through a crown-wheel and pinion. 
Tlte vertical shaft carries a circular framework, from 
which are suspended harrows fitted with steel fines. The 
passage of these tines through the chalk and elay 
suspended in water tends to break up the lumps, and 
convert tin* mixture into a liquid of thick, creamy con- 
sistency , which is kept, in the mill until it. is fine enough 
to pass the screens covering the outlet ports. The product 
of the wash-mill is termed slurry or slip. 

In some instances the further reduction of the raw 
materials is effected in wash-mills alone with fine screens, 
while with some harder materials it is necessary for the 
slurry to be touted finally in the tube-mill, or put through 
a separating mill, while with hard materials crushers are 
required, and bali and tube-mills arc used with water for 
fine grinding. 

Slurry from a wash-mill plant contains about 40 per 
cent, of water, and when finally ground leaves a residin' 
of less than 5 per cent, of its solid constituents on a sieve 
of 0*2 ,400 meshes per square inch. 

Wet Tube-Mills. — The tube-mill, as used for wet 
grinding, consists of a drum (about 20ft. long and Oft. 
diameter) made of steel, and protected against wear and 
tear by renewable cast-irfm plates. The drum is nearly 
half-full of flint stones, and its interior is easy of access 
through manholes. The raw mixture previously reduced 
by the vvasli-yiill flows through a hollow journal into the 
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rovwlvin g grinding drum. After being thoroughly ground 
by 'the flint stones, tlie material is discharged through" 'the 
hollow journal at (he opposite end. 

Thick Slurry Proceed. --In thv Jatest practice the 
Wet process is somewhat modified to allow of harder 
materials' than chalk ipjd cljiy being treated thereby,. 
This modification is known as the “ Thick*. Slurry ” pro- 
cess? and the raw materials are first of all crushed to a. 
si/e not exceeding a *Ai;ieh Q'lbe, then passed into a mill 
of the hall-mill type — />., a revolving drum containing 
steel halls up to 5 inches diameter, together with upstream 
of water. The partially ground slurry issuing from the 
hall-mill is then treated by a tube-mill, where the final 
reduction occurs. 

“ Thick slum " contains about T2 per cent, of water, 
and cs usually even juore finely ground than vVash-mil! 
shim. 

Dry Process. — In the dry process method of dealing 
with the raw materials for cement manufacture, the cal- 
careous and argillaceous materials, of whatever substances 
they may he composed, have first to he dried after passing 
the preliminary crushing machinery. The dryers often 
take the shape of expensively constructed brickwork kilns, 
hut, with the more general adoption of the dry process of 
manufacture, little time was lost in inventing a less costly 
and more efficient plant, which could also he worked at a 
much reduced labour cost. The dryers now usually em- 
ployed, therefore, in the most modern plants c^n^st of 
revolving iron cylinders or drums, someJlO to 50 feet in 
lengthy and about 4 feet in diameter. These rotary drying 
drums are supported on steel tyres resting on heavy 
friction rolls, and the drums are rotated wdien in use at 
ji, speed approximating two revolutions per minute, and 
*are usually set with an inclination of about one-half inch 
per foot. 

• The raw materials after passing the crushing rolls are 
introduced into the upper end of the dryers, and are im- 
mediately caught by cascading channels fitted inside the 
drums, which lift and drop the crushed raw materials as 
the drum revolves, anjl present them to the hot gases pass- 
ing through the efrums in the opposite directions th6 way 
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the materials Ire travelling to the lower or outlet etid. 
The* waste he at* from the kilns is thus employed for drying 
purposes; or, again, furnaces are sometimes arranged to 
rotary dryei* for the externat-heating of the drum. 

•Dry Grinding and Mixing Raw Materials .— 1 The 

raw material, after being crushed^and dried, must then he. 
reduced to*an ^xtremely fine powder or “ flour ” K/y such 
plant as is*adopted for clinker grinding (and which Vi II 
he explained later) and tliyn csysfully and thoroughly 
mixed to the proper chemical proportions before being con- 
voyed W the kilns* for burning. 

Materials Necessitating Drjf Process — This dry- 
process of manufacture has been employed where the raw 
materials cannot he satisfactorily reduced by wash-mill 
plant. It lias been adopted in thf* Rugby and Wales dis- 
tricts amfin the Cambridge district also, hut is now, a. 
large extent, being superseded by the thick slurry process. 

Processes in America. — In America and Canada the 
dry process is generally adopted, and in other countries 
extensively producing cement the dry process of manufac- 
ture is considered a less costly method than the wet 
process, but this again depends upon many local features. 

Preparing Raw Materials. — Tt will he seen, there- 
j*>re, that in preparing the raw materials tor the manu- 
facture of cement, the chalk and clay or other materials 
of similar fomjmsition must first be reduced to the utmost 
fineness, eityef by the addition of water or by dry grind- 
ing, either of which processes breaks down the cohesion 
between the particles, and leaves 1 he material in a very 
finely divided state, the physical properties of the respec- 
tive materials to he dealt with generally determining 
which method of reduction is to he adopted. 

Final Composition of Raw Materials.— Before 
the prepared raw materials pass to the next stage in the 
manufacture— that of burning— the composition of the raw 
material mixture is ascertained by analyses and tests, and 
the carbonate of lime (familiarly known by its chemical 
formula, CaC0 3 ) should lx? kept within, at most, one-half 
per cent, of the quantity found to produce the best Cement. 
This percentage varies slightly in different works, accord. 
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ing to the many geological formations contributing to the 
manufacture, but, broadly, a combination' of 75 per cent, 
of chalk and *25 per cent, of clay will produce a cement of 
good quality, if any carelessness is permitted in the mix- 
ing process the results are likely to v bp disappointing, for 
when the proportion of clay runs too high (or, say, the 
'percentage of lime carbonate, -falls below 75) a compound 
is obtained which, in the burning process will fuse at' a 
temperature lower than that required for the production 
of sound clinker, tl^ua' rendering it comparatively useless. 
On the other' lulled, sm excess of chalk (above, say, 78 per 
cent.) will allow a mixture to sustain the highest, (tempera- 
ture in the kiln without risk of fusion, but the resultant 
clinker would he of doubtful quality because of its high- 
liming or expansive tendencies when ground for cement. 

Again, a. variation ini the amount of carbonate of lime, 
eudi to one-half per cent., is found to alter appreciably 
the tensile strength of a cement— namely, high lime 1 in- 
creasing the strength, and low lime producing cement of 
little strength. 

Analysis of Mixed Raw Materials. —The chemic- 
ally mixed raw material prepared in the ordinary course 
of manufacture may, therefore, analyse in this way ■ 

►Silica ... ... ... lti.fi per cent.) 

Alumina and oxide of mm ... C.f» ,, - (lav. 

Undi'teriniiu'd ... ... 0.5 .. ) 

Carbonntr of lime ... ... TS..") > .... 

Curbonulr of magnesia . 1.0 ^ ha ** 

From such a material, if properly treated in the •further 
stages of manufaeture, a good commercial cement, testing 
(neat) at least G50 lhs. per square inch in seven days, 
should he produced. The raw materials after combination 
are then carefully mixed and proved before proceeding with 
the manufacture. 

Burning or Calcining. — The next stage in the manu- 
facture of Portland cement, following the scientific and 
mechanical preparation of the raw material, is that of 
burning at a high temperature, or calcining, the raw pro- 
duct to the point of slight vitiifaction, resulting in what 
is comfhonly called a cement “ clinl^r.” 

As will be seen from the foregoing description, Portland 
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cement cousitetsjot a> chemical combination of lime, silR*a 
iiud alumina, and these materials are combined together 
■under \he action of great beat, thus becoming a mixture 
of silicates and illuminates of lyne. The resultant, material 
is t ground to an nijialpnlifc powder, after which the 
prodtiet is jeady for the market. 

Nsilioate4 ajid Aluminates 'of Lime.— In tile raw 

materials it will be observed that there -Is no combinafion 
between the carbonate of lin^p on # liie one band and the 
silicate of alumina on the other hand.* In the. conversion 
of the # {fTepared n*v materials intocemenf clinker In burn- 
ing, the silica and alumina of the clay immediately enter 
into combination with the lime, thus forming calcium 
silicates and aluminates. These compounds are the im- 
portant constituents ol a Portland ^eluent, and gi\e to it, 
wjien continued in their proper proportions, its hydraulic 
properties. 

Impurities in Raw Materials. None of the 
cements of commerce*, however, are made* up wholly ol 
these three ingredients, for the raw materials from which 
cement is made are never quite pure*. It lias he*eu iound, 
for instance, that iron oxide* behaves, in burning a mixture, 
the same as alumina, and that, a good cement eould be 
made in winch all the alumina was replaced by ire>n 
<fvide, but tlu* essential ele*ments e>f a good cement are* that 
it shall contain at least tlu* necessary ameamt of silica and 
lime. 

Hea£ JMgulation. — The calcining process is a purely 
chemical erne, aiuj it is a stage of the manufacture in- 
volving great responsibility ; for, just as in the primary 
blending ol the chalk and clay, a faulty mixing can make 
or mar the quality of the cement, so can the deficient 
burning of the material destroy all that is valuable in the. 
finished product. If tlu* beat be not sufficient , the neces- 
sary chemical changes do not take place, and an equally 
unsatisfactory result, is obtained. 

Degree of Burning.— The proper degree of burning 
is indicated by the fnnnajion of a dense greenish-black 
clinker. Light-burned clinker is yellow and soft whi|e 
over-burned clinker is fused and slag-like . 9 Thermometric 
measurements made during the process of calcination 
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slitnv that for normal Portland cement bu.;niftg a temiiera- 
ture is required in the kiln amounting to about 1 ,4t)0° 
Centigrade, or - 2 . 500 ° Fahrenheit. This teni])eni1.ure is' 
variable, according to 1 1 uv percentage of t-urbonute of 
lime contained in the raw nfaterials-Mhat is to say, the 
higher th<* proportion of lime the higher the temperature 
which tis necessary to |faodutT complete diffusion in com- 
bination with silica. Iron oxide also harf tile effect of' 
reducing the clinkering temperature. 

, “ ‘ * 

Types of Kilns.-' The kilns for burning the raw 
materials are constructed for either an “ intermittent” 
or a “continuous ” pVocess. The intermittent kilns, now 
rarely adopted, are those employed in the wet process, 
and are of such a design that the burning necessitates 
distinct loading and ditivving operations, giving, intermit- 
tent working, and demanding the complete cessation of 
the burning process during the drawing operation. Since 
this method of manufacture is one that soon will be dis- 
carded, it is not necessary to devote much time to an ex- 
planation of working this type of kiln. 

Continuous Kiln— In the continuous kilns, the burn- 
ing of the raw material proceeds without a break, and the 
drawing of clinker takes place at the same time without 
interruption, thus making a continuous process. * 

Fuel Economy with Continuous Kiln. — Con- 
tinuous kilns are generally costly to constrict , and require 
skilled labour for their operation. These Jiiljis are 
economical in fuel, and whe-re they are used the calcining 
process is much more regular, and the cement is of better 
qualify. 

The Rotary Kiln.— In the category of continuous 
kilns is included the ” rotary ” kiln, which is the most 
modern appliance for calcination and the most widely 
adopted. The manufacture of cement by the rotary kiln 
may he said to have revolutionised the industry during 
the past twenty years, and this method of burning the 
raw materials is, perhaps, the* most |cientific and prac- 
tical invention that has been introduced into the manu- 
facture since Portland cement was first knowi^. Al^iough 
the use of this kiln is a technical and expensive process, 
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‘involving heavy* capital outlay and a high cost of pro- 
duction and continual upkeep, there is nothing yet in 
sight to outclass this invention in the manufacture of 
Portland cement as^Jrried on to-day. 

• * , ^ 

Riotary Kilns in U.S.A*an<^ Europe— More than 
9^ per cent’ of # the cement manufactured in the tJnited 
‘States is produced by the rotary kiln; and in Europe in 
the majority of cement works* this#lfili^ is solely adopted. 

• 

QusHtty of Rotary Kiln Cement!— Although the 
rotary kiln was the subject of much# doubt and prejudice 
when first introduced, it is safe to say that no new cement 
factory would he erected in the present day with any 
other type, while it is probable thyt DO per cent, of the 
cement usiiil in the Tinted Kingdom is the product of this 
iifn* 

The kiln consists of a slightly inclined steel or wrought- 
lron cylinder, usually from 100 to 200 feet in length, and 
0 to 9 feet in diameter, and is inclined to the horizontal 
at about 1 in 00. The size of the kiln within these limits 
determines the quantity of the output — a rotary kiln 200 
feet long and 9 feet diameter producing 1,20*0 tons of 
clinker a week, with night and day running. The rotary 
kiln is lined with radial firebricks, 0 to 9 inches in thiek- 
ii As, and the long cylinder is mounted on tyres running 
on rollers, and is slowly rotated by gearing. 

• 

Rotary, Pfocess of Burning .— 1 The cement-making 

materials, after due preparation, are continuously fed into 
the kiln through a pipe at the upper end in the for*) of 
either a liquid (slurry) or dry powder, according to the 
process adopted in preparing and mixing the raw materials. 
Finely ground coal is almost always used as fuel, and this 
is introduced into the lower or outlet end of the kiln by a 
jet of air issuing from a blast fan. 

Fuel Ignition.— When the kiln is started the fine 
coal is ignited, and after a time a white heat is obtained 
in the lower end of the cylinder. The raw material is 
then fed into the kiln, and, as it gradually descends into 
the zon<j of h$at generated by the perfect Combustion of 
the finely ground coal fed into the cylinder from the 

B 
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opposite end, it parts with its carbonic acid, forms- little 
halls which reach a nearly white heat in the lower third 
of the kiln, and finally issues at the lower a end as well- 
Jmrned clinker in grains up t*> about The size of a large pea. 
r I'he greatest heat ip naturally near the fuel jet. or outlet 
end of the kiln. > 

The operation of calcining is a continuous one, and 
with proper care, under- or over-burning may be avoided. 
'Pbe hot clinker is mottled bypassing through rotary cooling 
drums, simimr in form to the rotary kiln, but much smaller 
in size. { •• 

Cooling Drums.— The cooling drums now generally 
m list* in this country are placed at the lower end of tin* 
kiln, and receive thejiot clinker as it drops finally from 
the kiln. Coolers generally consist of steel tubes some 
it) feet long and 4 feet in diameter, containing cascading 
channels for lifting and dropping the hot clinker as the 
coolers rotate, thus presenting it to the cold air passing 
through the cooler on its way to the kiln. They rotate at 
a somewhat higher speed than the furnace tube, and by 
the air for the latter being drawn through the red-hot 
clinker a fair proportion of the otherwise lost heat is 
retained and utilised. When the clinker issues from the 
coolers it is (piite cold enough to handle, and to pass to 
the lurther process of grinding into powder. 

But before this stage it is necessary to point out that 
all rotary kiln plants with ground coal firing must include 
an apparatus for the drying of the coal to ix\us^l in the 
burning, and also a grinding plant to tenable the coal to be 
finely pulverised before entering the kilns. 

Description of Goal Dryer.— The most common 
design of coal dryer consists of an inclined steel cylinder 
encased in brickwork. The hot gases from the fires of the 
coal dryer or from the clinker cooler, coming first in con- 
tact with the cylinder at the point where the wet coal is 
introduced, pass along and around the tube on the w T ay to 
the chimney-stack, which is located over the discharge 
end, whilst a separate chimney i^t the feed-end of the 
rotary coal dryer permits the steam from the moist coal 
to esca|>e, and gives an outlet for any accumulating gases 
or coal dust. 




Modern Portland Cement Factory. — Rotary Process. 
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' Operation of Working.— The wet coal is introduced 
at one end of the heated drying drum, and by means of 
cascading channels inside, and the slow rotation of the in- 
clined cylinder, the coal passes thmhgh the drum, and by 
the time it arrives at the outlet' end the dried eoal is. quite 
suitable for the purjx* e of fine grinding for use irr the 
rotary kiln. 1 *■ 

Coal Grinding ^.nd Delivery.— From the dryer the 
coal falls into a. conveyor, Sind is carried automatically to 
the coal-grinding mill, which contains machinery for 
reducing the dried small coal to an impalpable flour. For 
the process of coal-grinding the usual ball and tube mills, 
or Griffin mills, are required, and this plant is, therefore, 
similar to the clinker-grinding plant, particulars of which 
wiU be given in a later chapter. The finely grqund coal is 
then taken to the kilnhouse, where it enters the coal- 
hoppers placed in front of each rotary kiln, and from these 
hoppers an automatic feed conveys the powdered coal to 
a point where it is met by the heated air blast from the 
fan to the kiln. When reaching the heat of the kiln the 
powdered coal immediately bursts into flame, and the 
intense heat in the kiln is thus kept continuously regular 
by the constant coal feed. 

Percentage of Fuel.— The quantity of fuel used 
in burning cement by the rotary kiln is from 25 to 
35 per cent, of the clinker output, and these percentages 
vary considerably according to the processor manufacture, 
the quality of eoal used, the fineness of grinding, **and the 
facility with which the raw materia Is, are burned. 

Qbality of Coal. — A satisfactory coal for the rotary 
kiln is generally obtained from the various bituminous 
coals found in the United Kingdom, but it is desirable that 
the percentage of ash in the eoal should not exceed 10, and 
that the coal should have a calorific value of some 12,600 
British thermal units per lb. of coal. 

Clinker Grinding. — To proceed with the manufacture 
of Portland cement, and in arriving at the succeeding and 
final ^tage in the process, w'e have the grinding into an 
extremely fine powder of the cliflker which comes front 
the kilns, This process lias exercised quite a large pro- 
portion of ingenuity during the past few t vears. 
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So much a|teltion lias *)f late been devoted to the mami- 
facttfre that, ay regards the mixing of the raw materials 
,111 thek* due proportion and the proper calcination of the 
mixture so qbtaiiiqd, one brand of cement may be said to 
be very much like apdther, provided the works are suitably 
designed and the various* details of f lie manufacture are 
carried out* with care. % 4 ‘ 

Quality kncl Fineness of Cement.— -The question 
then arises — What constitutes a limb-class cement? To 
which question the answer is — That ui^ true tpst of quality 
is in tiia fineness which the cement i£ ground- — always 
provided, of course, that the material^ are carefully selected 
and the various stages of manufacture are properly carried 
out. 

It is not intended, however, that the scientific qualities 
of cement. produced by grinding to various degrees of fine- 
nt'sg should he here dealt with. 1 propose now merely to 
describe the machinery generally employed in the process 
of clinker reduction. It must he explained, however, 
that in clinker grinding not only is it necessary that a 
certain degree of fineness he attained to make a satis- 
factory quality cement, hut that also as large a proportion 
of “ flour ” as possible shall he contained in the finished 
product. By “ flour ” is meant the extremely fine par- 
ticles of cement in which the cementitious property of the 
rflateriul is believed to reside principally, as apart from the 
41 residue,” which consists of practically inert material. 
These are termg which, as is known, are used in the testing 
of cemyiHof fineness. 

Clinker Crushing. — With lumpy clinker the first 
stage in its reduction is generally carried out an 
ordinary stone-breaker, or crusher, or hv rolls, which re- 
duce any large lumps to sizes from about : j-inch cube down 
to coarse dust, and after this o|>eration the clinker is con- 
veyed to the fine grinding machinery. 

Ball Mill. — Tn modem works the preliminary grinding . 
of cement clinker is carried out by the ball-mill, and from 
this mill the coarsely ground material is conducted to a 
tube-mill which finishes th^ fine grinding previous to stor- 
ing the cement. The ball-mill consists of a cylindrical 
grinding dr 1141, mounted on a steel shaft rmming through 
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it,* and provided with a tightly (Hosed si eet,-iron casing. 
The grinding drum is composed of overlapping »steel 
grinding plates, in one-half of which are holes for the 
ground material to find its wav throng!} to tl\e line sieves 
externally surrounding the dcuni, add. through which the 
somewhat coarsely ground cement passes, and is convert'd 
to t lie tuh(‘-mills for fir'jr grinding. The crushing action 
of the hall-mill is caused In the revolving of* the drui’n, 
which contains a mimher of steel balls of various size's 
between which the r , cf inker is crushed and pulverised. 

Tube Mill. — For the finishing process — the fin^ grind- 
ing proper- the tube-mill is employed, which grinds by 
means of the round flint stones or steel pellets contained 
within it. 

The tuhe-mill consists of a wrought-iron revolving 
cylinder, with hollowed pivots at both the feed and deliver) 
hearings, and is about one-half full of rounded flint stone’s 
or other grinding medium. The coarsely ground cement 
is fed from the hall-mill into one end of the tuhe-mill, and 
the rotatory action of this mill, similarly to the hall-mill, 
finely pulverises the cement as it passes through the falling 
flint stones to the delivery end. 

Degree of Fineness. — The finished cement is ground 
sufficiently fine to pass through a. 180 x 180 mesh sieve with 
about 10 percent, residue, and liner grinding can he readily 
accomplished by the manufacturer if necessary; but this 
means a reduced output from the plant. 

■•i 

Stores.— From the grinding mills the cement -is con- 
vexed into the stores, and after it ha# cooled down the 
material is ready for loading out at the factory. 

As to the storage of Portland cement, it is generally 
considered that the longer the cement is kept in stock the 
more reliable it is found to he in use; hut the modern 
product of to-day’s manufacture requires neither storage 
nor aeration to provide and ensure the success of its 
quality. 

Aeration of Cements.— With the product manu- 
factured years ago it may have been necessary to aerate 
cement for some considerable time before introducing the 
same into the svork, hut with the cements ^lannfactured 
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o-dav this is qiiite unnecessary. The aeration of cement 
s a safeguarding process* adopted by engineers with irn- 
>ortaiU work, and was, perhaps, then advisable to 
liminate any “ free lime ” that might have been con- 
ained in the •material, as y-fi underburnt or carelessly 
lAinufactured cement would contain a considerable 
luantity. <Vnient Mich as this w^iml . when mixed with 
v^tter, set yui^klx , and sooner or later the parties of 
* free lime ” absorb moisture, and change from vvtiat 
h termed “quick lime” tfaOt a hydrate of lime 
( a(HO)„ and the expansion which accompanies this 
hange produces Ruinous cracks in the hardened cement. 

The old idea was, therefore, that *if the. cement he ex- 
»osed lo the atmosphere for some time before using, anv 
rec lime which it may contain will absorb moisture from 
he atmosphere and become slaked, and will not then be 
iable to cause injury to the concrete after setting. Kilt 
.eluent made from aeeuratelx mixed raw materials, well- 
mrnt and iinely ground, as all good comen!- should he, 
v i It not require any aerating process, and as soon as the 
ell ion! is manutactiirod it should withstand the recognised 
esl s for qualih . 

Cooling.- It is desirable, howe\or, that the material 
hi Mild he cooled down helore loading into hags, and, tliero- 
div, thi' manulacl urer generally arranges that he has 
slfthcieiit quantitx of material in stock to provide that 
engineers are supplied with a perfectly cool cement for 
their work. 



The Composition of Portland Cement. 

CHAI’TKK II. 


! I vviNc; given in r biVcf outline* a definition of Portland 
cement as is' generally accepted to-dav, and also a dtyscrip- 
tion of the manufacture as usually adopted in the fruited 
Kingdom, it may now he necessary to give a resume of 
our present knowledge and the existing theories as to the 
chemical constitution of Portland cement. 

In this respeet theie are two outstanding features of 
prihie importance to consider in relation to the ‘properties 
of the raw materials which are used for the manufacture 
of Portland cement. These arc known as the “ Lime 
Ratio ” and the “ Silica Ratio.” 

The tests for the chemical composition of cement are 
defined in llu* British Standard Specification as follows, 
viz. : — ” The proportion of lime, after deduction of the 
proportion necessary to combine with the sulphuric anhy- 
dride present, to silica and alumina when calculated (in 
chemical equivalents) by the formula, 

CaO 

SiCb+AkOs 

shall not be greater than 2. 85 nor less than 20. r J ’he percen- 
tage of insoluble residue shall not exceed L5 per cent.; 
thatbf magnesia shall not exceed 3 per cent. ; and the total 
sulphur content calculated as sulphuric anhydride (S0 3 ) 
shall not exceed 2.75 per cent. The total loss on ignition 
shall not exceed 3 percent.” 

For instance, in the case of a cement containing 63.28 
per cent, of lime, 21.6 per cent, of silica and 8.16 per cent, 
of alumina, and 2.00 per cent, of sulphuric anhydride, 
the proportion of lime, alter deduction of the proportion 
necessary to combine with 0 the sulphuric anhydride 

( 24 ) 
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present, to s^lict and aUimina will be found to be »s 
‘follows : — * 


* Molcculur weight of linu* 

«. silica 

aJiiiniiKi* 




a« 

(SO 

102 


hu loll uric un hydride =■- 80 


Liny* ctunlimnijf with 2.00 per cent. «?iil|»liiirit* 

. o no v f»oi t 

an^vdrjfle — — 1-40 l»’i cent. 

03.28—1.40 - 01.88 per cent. Lime. 


tljimc 

$ 

, (CilO) = 

61.88 * 

56 " * 

r.io 

Silica 

(Kio.) 

21.6* 

60 “ 

0.36 

Alumina 

(MAh) ■ 

8. Hi 

J02 

0.08 

Thcn SiOT 

CaO 

+ AW), 

1.10 

0.36 + 

0.08 


= 2.50 


The Lime Ratio determines the proportion (in chemical 
equi\alents) lie tween Ihe lime on the one aide and the 
silica and alumina on the other, and the idea underlying 
the limits imposed by the British Standard Specification 
(viz., 2.0 to 2.85) is that a true Portland cement must 
contain at least 2 molecules and not more than 2.85 mole- 
cules of lime to one molecule of silica, and one molecule 
of alumina. These limits have an empirical basis, and 
the lower limit? serves to exclude slag cements, or those 
cement! produced from slag without passing through the 
process of manufacture defined in the British Standard 
Specification, while the upper limit is a safeguard against 
an excess of lime, which tends to unsoundness. 

In ordinary practice the limits for the production of 
good cement are 2.1 to 2.8, and commercial cements 
usually have a lime ratio not far from 2.6. If the lime 
ratio is below 2.4 a low tensile strain may be expected, 

• and if the lime ratio is above 2.8 high expansion tests 
often occur. 


The Silica Ratio expresses the actual proportion (not 
in chemical equivalents) between the .percentage of silica 
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and the sum of the percentages of aluimny, and iron oxide, , 
viz. : — 

IVrcontagi* of Silica 

Siliui Latio IVivciitagc of Alumina + .lVi»*ont{igo»of Iron Oxide 

0 

The ^silica ratio Vas a connection not onl f v with the 
quality of the materiaMmt olso with its behaviour wlple 
jn # the kiln. Dealing first with the (pialitV : u high silica- 
lilt in U.r., above *2.7) tends to produce a slow hardening 
(vment, especially, w'nHi (lit- raw msiieriids sue calcined in 
rotary kilns' aryl unless the silica is in n fine, state of 
division there is also a tendency to unsbundness and low 
tensile strength whf'n mixed with sand, both defects 
arising from incomplete combination between lime and 
silica. 

On the other hand, ?i low silica, ratio tends to produce a 
qufck hardening cement which develops its strength ul. 
an early date, so that the increase in tensile strength from 
7 days to ‘2N days demanded by the British Standard Speci- 
fication mn> frequently not la* obtained. 

With regard to the stage of burning to the point of 
incipient fusion the prepared raw materials in the. Inin, 
materials with a high silica, ratio can only be “ elinkered 
as it is technically termed at a. very lii^h temperature, 
and this involves undue wear and tear on the brickwork 
lining of robin kilns. 

On the other hand, materials with a low silica ratio - 
say, below 2.3— more readily clinker, and thus clinker 
ring's are formed in working the rotary kiln,«w liicli some- 
times block the kiln, and can only he dealt \\*Itli by an 
experienced burner. * 

Tlfe ideal silica ratio in cement materials is generally 
agreed to he 2.f>. 

There are, however, some anomalies in connection with 
the silica ratio which go to show that at extreme limits 
the rules that ha\e been given do not apply. Thus, at one 
works it may be found that the silica, ratio is very low — 
viz., 1.7, and yet clinker rings are never experienced, 
while, on the other band, at another works the silica ratio 
is very high, viz.— over 3.0, ».ind there is little trouble 
w T ith father excessive wear on brickwork or retarded 
hardening of resultant cement. The raw mgteriale to be 
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.used, therefore, |nd fhe results to be obtained therefrom 

are more or less a subject for local investigation. 

« 

Hydraulic; Modulus- — In addition to the definitions 
of Portland cement * which /have already been cited, 
another but more restricted specification of foment is 
tiij^f ‘rout a i n^d in the following definition, vi/. 

Portland cement is a. product formed by-burning, at leitst 
to incipient fusion, an intimatjp mi^tjire of finely ground 
limestone (or carbonate of lime) and* clay as essential 
ingredients, and grinding the product to*the fineness of 
Hour, in which the Indraulie modulus lies between 1.8 
and 2.2. 'The product >diall, when made into a paste, 
cither alone or with sand, form in a short time a bard 
mass, and shall show either in water or air a. gradually 
increasing strength, and in whatever form used shall have 
a row st ant volume. 

The liulraidir modulus of a. cement, it should ho 
added, is a formula which expresses the relation between 
the basic constituents of Portland cement, such as lime 
and magnesia, and the acid constituents— iron oxide, 
silica and alumina — by means of which a correct mix- 
ture might be calculated from the analysis of fhe raw 
materials. 

The hydraulic modulus is practically the reverse of the 
hydraulic index equation, and is found as follows: — 


°/q Lime 

% Silica^- ^ Alumina -f % Iron Oxide 


= Hydraulic Modulus 
(1.8 to 2.2) 


It is held that a^nodulus of less than 2.0 gives rise to a 
“ dusting ” of the clinker during manufacture, caused by 
unstable compounds, while one of over 2.4 causes ex- 
pansion and cracking, A modulus of 2.2 for cement shows 
a high-grade product. 


The Hydraulic Index of Portland cement is found in 
the ratio between the silica and alumina, the acid elements, 
and the lime and magnesia, the basic elements, viz. : — 


(Silica 4* Alumina) _xM 00 
Limed- Magnesia 


= Hydraulic Inde* 
"•(42 .to 48) 
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• Commercial cements generally show index of 42 to, 
48, but the French Standard Specification limits the'lower 
index to 44. 

The properties of cement are coristaptly undergoing 
changes from the time the. material is ground into {he 
manufacturer’s stores until made into a mortar and incor- 
porated into the structure; indeed, these charges continue 
indefinitely, and present knowledge of the* internal in- 
fluences affecting them is little. 

Although these yn.P\Sng definitions indicate that no clear 
or concise description of Portland cement can be gi*;cn, it 
is manifestly improper to specify the raw materials seeing 
that various waste products have for years been success- 
fully used in the manufacture. 

The term “ artificial ” Portland cement is often used 
in contra-distinction to the “ natural ” cements now com- 
monly employed and sold in America and Belgium, and 
describes a carefully manufactured product obtained from 
the preliminary mechanical combination of carbonate of 
lirne with silica and alumina; as outlined in the foregoing 
definitions, from which it will be gathered that the raw 
material mixing process ensures accurate and uniform 
results in the, finished cement. 

Natural Portland Cement is manufactured from 
mineral deposits, varying as to their chemical composition 
in the approximate percentages needed for making* a 
cement. The natural deposit is burned as quarried, with- 
out any intimate mixing of the raw materials, and un- 
less the manufacture is carefully checked a poor 
quality product generally results owing to its •varying 
composition. 9 

The composition of Portland cement is generally found 
to he within the following limits : — 



Minimum 

Maximum 

Silica 

... IS t-o 

25 per cent. 

Alumina ... 

*> n 

10 „ 

Oxide of iron 

... 2 „ 

r> „ 

Lime 

... 5K „ 

66 

Magnesia 

... .5 „ 

ft 

Sulphuric anhydride 


2.5 „ 


♦Water and carbonic anhydride 1 „ ‘i 

It should net, however, be assumed from th^ above 
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•Iimit§ that a~ cement is satisfactory in quality if coming 
anywhere within the range of this analysis, nor that the 
'composition of cement is variable and uncertain. 

Different rtnw mtitonals vary in analysis and composi- 
tion, and the resulting product, therefore, varies in its* 
proportions* in comparing one sample with another, hut 
frhm whateter |iiaterials maimfact!uml, and In whichever 
of the numerous processes in use, the anal) sis of a good 
quality Portland cement will generally he found to come 
within the limits given almve. 

The* following ^iblc, showing llu* analxses of \anous 
Portland cements manufactured in tins count r\ and else- 
where. will explain what analyses of cement are met with 
in practice : — 


Analyses of Yariocs Portland Cements 




(Oxide 


Mag- 

Sulphuric 

Insoluble 


Silica Alum- 

of 

Lime j 

nesia 

AtiIimIiuIo 

Alkalies 


SiO, I 

J j 

mu | 

AhU, 1 

1 rim 

FV-0, 

t'nO 

Mpo 

SO, 

Loss, fir. 

ramhiidpr 

21.04 

r,.i2 

4.50 

03.0 1 1 

.99 

1.81 

3.20 

Thames ... 

22.02 

5.85 

4.45 

01.30 | 

.99 

0.97 

3.75 

Med wav ... 

22.10 

7.45 

2.57 

03.90 

1.11 

0.77 

2.10 

liuii ' ... 

22.22 

7.20 

:}.*»7 

02.53 | 

1.34 

1.80 

0.S2 

IVales ... 

20.12 

0.71 

4.03 

1 00.99 ! 

2.29 

1.S9 

3.97 

l<upl»y ... 

2l.f»0 

0.30 

4,s:i | 

02.5 | 

2.3(1 

1.5s 

0.S1 

Hart hpiml 

23.3 

7.85 

4.05 

01.9 ! 

0.90 

1.43 

1.97 

Kiench .. 

24. am 

4. SO 

3.28 

05.32 1 

0.95 

0.4K 

.25 

(iermar^ .. 

2 

5.o:t 

| 2.19 

05.50 ■ 

1 .07 

.35 

1.90 

AllH'l icun * 

2 1 .Mi 

o.i a 

4.47 

02.20 

2.58 

1 .00 

1.30 

llelyinn ... 
(Natural! 

22.14 

4185 ! 

3.40 

58.70 

1 .53 

1.02 

S.30 


Notwithstanding investigations by noted scientists, the 
chemist r a \ , or rather tlu constitution of Portland cement 
is a subject not thoroughly understood. The two chiet 
methods which have been successfully employed up to the 
present time in investigating the chemistry of cement are 
the synthetical and the microscopical. All analytical 
methods have failed, as thly have failed when applied to 
the determination of the proximate composition of hatural 
rocks. • By Umg experience in its maftufadture, however, 
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\Ve are able to deduce from the* many r^sulVs of analyses 
the sale limits of the essential ingredients, but the manner 
in which these simple ingredients are hound together and 
the changes the} undergo during the setting hi' cement are 
.not clear. • ‘ ‘ 

The* chemical constituents of Portland cement jiave 
therefore long engaged Vhc sfrlidv of expert^, with the revolt 
mail} different formula 1 have from time 'to time been 
put forward as representing a. standard composition, onK 
to he contradicted and ^placed b\ others oik* red h\ 
scientists investigating further sampler of the material. 

For instance, Le Chatelier, the eminent French 
chemist, \ears ago concluded, after a long stud\ of the 
composition of cements, that the iv\o important compounds 
existing in the clinker were atn-ealeie silicate PI CaO, SiO.) 
and a tri-ealeie aluminate (3 CaO, Al*J) 3 ). Le (’hatcher 
also held that in good cements the following maxin^uhi 
and minimum formulaB should he true, usually gi\mg 
results in a good cement (L 2.7» (o g.7, and (2» o.o to 1, 

\iz. : - 

Cat) + MgO < ;j 

SiO- f AUK 
and 

CaO + MgO > ;> 

SiO- + AlaOa + iVjO, ^ 

Again, eonelusions differing from the above have since 
been arrived at hv synthesis, and it has fiec^ observed 
l»\ other experts that experiments as to the constitution 
of cement led to the following results (a) Lime may he 
combined with silica in the proportion of II molecules to 1 
and still give a product of practically constant volume of 
good hardening properties, though hardening very slowh. 
With molecules of liine to 1 of silica- the product, is not 
sound, and cracks in water, (b) Lime ma} he combined 
with alumina in the proportion of 2 molecules to 1, giving 
a product which sets quickly, hut shows constant volume 
and good hardening properties. With 2J molecules of 
lime to 1 of alumina the product w$s not sound. 

The'Le Chatelier formula 1 , however, expressed in 
chemical equivalents and applied to commercial comments, 
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require a eonsidejable calculation, Out at the same time ft 
admitted that they have the merit of taking into account 
*| ie difference in the ‘combining power of silica and alumina, 
and in this rasped lire, a great advance over the hydraulic 
index and modulus. • »* 

Other authorities suggest slightly* modifying the Le 
('1%'iii'her maximum formula? and* express it in weights 
instead ol efyii\*alent> ar> iollow^: — 

Lime - Silica, x 2.8 * Alumina x 1 . 10. 

Thi# formula, gi\ys the maximum of lime»which a. cement 
raw material mixture can contain, and give sound 
cement, under ordinary conditions ol burning. II we 
substitute 1.0 for 1.1 m the formula, (which makes no 
practical difference in the result! we have another lormulii, 
or lime factor as il has been termed, thus 

Lime - Alumina t) 

Silica. 

which represents the maximum ol lime permissible. Raw 
material mixtures lit which the lime mums alumina 
divided by silica, is moic than 2.8 are likely to ueld an 
unsound cement. 

On the other hand raw material mixtuies in which this 
ligme is less than ‘2.0, generally give a fusible clinker and 
quick-setting cement. So, lor practical purposes, it has 
been recommended that the adoption of 2.7 as a standard 
lime factor for raw materials should he satisfactory, 
and this decision is, doubtless, as theoretically accurate as 
the preterit, and past experience of cement manulnctun; 
will allow’ of calculation. ^ 

Commercial Portland cements, it is shown, generally 
posM-ss a deeidedU lower lime factor than that for raw 
mixtures. The lime factor in cements (lime minus 
alumina divided by silica) is generally from 2.5 to 2. ft. 
This is due to the change m composition of the mixture 
effected during burning by taking up the ash of the fuel. 

From the foregoing descriptions, therefore, it will be 
seen that the essential ingredients of cement arc 
the compounds of lime, silica and alumina, and in^nearly 
all cases Portland cement, provided it is of good quality, 
has practically the same composition. ‘ 
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l'TJAITKK hi. 

Ah tilt 1 foment consumer when in doubt generally turns 
from tin 1 practical use Jo the mechanical testing of cement 
for a delinitc pronouncement upon the quality of any given 
product, so the cement chemist passes from the chemical 
examination to the jnineralogieal in his endeawmrs to 
understand more thoroughly the precise answer to the 
question so often asked : “ What is Portland cement? " 

If what has been published from time to time, however, 
is nil that is known up to the present concerning the 
mineralogy of cement, this science has gi\en us littlo in- 
formation and still fails to answer the query. 

It will have been seen from the foregoing chapter that 
the constituents of ordinary Portland cement can readily 
lie ascertained by the usual chemical tests and methods of 
analysis, and from such an investigation it is also found 
that the composition of all good cements differs but. 
slightly, except in so far as the percentage of the in- 
gredients contained in the different samples varies. No 
chemical examination, however, enables the expert chemist 
or anyone else to judge whether a brand of cement in its 
practical sense is of a superior or an indifferent quality, 
since it would not be a difficult task to prepare $ \naterial 
containing the chemical combinations and the exact con- 
stituents of ordinary Portland cement, nut which in prac- 
tice would possess no cementing properties* whatever. 
The determination of the market value of the product must 
still, therefore, be left to the mechanical testing, which is 
explained at length in the following chapters. 

In spite of this position, however, the Portland cement 
industry cannot by any means dispense with a thorough 
knowledge and practice of chemistry in the manufacture, 
testing and uses of cement, for this knowledge not only 
gives yaluable information upon t^ie variations or uni- 
formity of the finished product, but chemistry explains 
the peculiarities of the raw materials used in the manu- 
( 32 ) 
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fart urc, whidi Jis n liiplily important point requiring 
1 especial study. In the proper mixing, also, of the raw 
^materials, chemistry comes to the manufacturer's aid and, 
icgularly applied, ’keeps a resulting product uniform in 
quality. y * / 

.Vs the manufacture of a faultier cement cannot he 
!e‘t’ to chapce, and as ahsijute -accuracy is. moreover, 
essential inMh? inamitadure of a good quality pi'odud, 
so it will he -ecu that a comprehensive knowledge ol 
chemistry i" required in dealing \, itl\ J'oriland eenient ; 
hut whereas cheuu.-dry has long been m the service ot the 
cement induMiv . mineralogy e* only now gradual I y enter- 
ing this sphere. 

fn the studv ol Portland eemeiil, mineralogy is likely 
to he nike\i ellelll tearllrl , for .1 supplements the leehliK al 
and rhemi' , al investigations, and, indeed, it has already 
made manv an important disclosure. \ good micruscbpo 
has'.' therefore, become an indispensable item in the equip- 
ment of the eemeut-iesimg laboratory. 

Mineralogical study has shown that all Portland 
cements consist > of a subtle mixture of compounds allied 
to miner, its. This lad «s not disputed by experts, even 
though it may not vet he a subject of general knowledge. 

An advanced view ol the constitution of Portland cement 
clmkei is contained in a statement made to the author m 
New' Yolk some years ago by Mr. Clifford Richardson, and 
to it are applied the same theories of solution which have 
proved so fertile m metallurgy. 

It is well I. hi » w ii that the mineral constituents of rocks 
can hdhY.hdified under the microscope in thin sections, 
(‘Specially with the aid of polarised light, and these petro- 
graphic methods have been applied to sections of Poitland 
cement clinker. 

The two chief minerals which have been recognised in 
this wav in cement duiker have received the names Alit 

and Celit. 

Other constituents are also recognisable, but these 
appear to arise from non-essential constituents- such as 
iron, magnesia- and the alkalies. 

WOrking with perfectly pure silicates of lime and 
aluminium, success has been attained in forming syn- 
thetically correspondingly pure contents, consisting 
wholly of Afit and (’elit. By varying the proportions 

c 
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of the different constituents taken, it( k found that^ 
Alit is a solid solution of tri-calcium aluminate and tri- ' 
calcium silicate, whilst Celitis a solid solution of di-calcu> 
silicate and di-calcic aluminate. In the fused state these 
aluminates and silicates are soluble in each other in all 
proportions; hut thb. is not the case in the cold, the mix- 
ture then splitting up into r lit and celit, each of wliij.b 
has the properties of a. true cement. In 'order that both 
constituents may be p n sent, the percentage composition 
of the cement mus* lit* between the following limits : — 

Silica. ' 18.5 to 23:2' 

Alumina ... .. ... 6.1 to 11. ( .) 

Lime ... ... ... 03.1 to 08. 1 

In commercial work, cements do not reach the higher 
limjts of lime, as it is impossible to obtain industrially 
tin* high temperature then needed in firing them, but this 
can bo satisfactorily carried out in the laboratory. In 
practice, of course, cements are not fused, but merely 
fritted in the process of manufacture, and tlu* formation 
of these solid solutions by fritting the materials 
together at a temperature much below their point of fusion 
is attributed to that process of diffusion of one solid into 
another, which was shown to occur in the ease of metals. 
The higher the temperature, the more rapid this process 
of diffusion. The time requisite will also depend upon tile 
area, of the surfaces between which it can take place. 
Hence, the liner the grinding of the ravj materials the 
more quickly and easily is the diffusion operation accom- 
plished. A danger to he guarded against, is, however, the 
use of a very high temperature for fritting, followed by 
a verV rapid ‘cooling of the burnt material. The calcium 
aluminate is much more soluble in the silicate at high 
temperatures. If the cooling is too quick, a supersaturated 
solid solution is obtained, which is, of course, in an un- 
stable condition. 

The change to the stable forms is accomplished by a 
change of volume, and, therefore, destructive of the 
cohesion of the clinker. 

Another view upon the technology of cements has been 
expres&d to the author by Messrs. Bay and Shepherd, of 
the Geophysical Laboratory of the Carnegie Institution of 
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v Xew York, i\h\> have recently shown that tri-calcium 
sijicale does not exist in the two-component series. 

• It is*kno\vn that scientists have been labouring for years 
to discover *tl^ <jonstitution of Portland cement, and 
mineralogy now teaches us >hut this search if conducted 
alone upoq the lines of chemical research is a, useless 
endeavour ynd a waste of tiiwe. * 

It seems VleHr, for instance, that Portland cement has 
no fixed constitution, because it is not a homogeneous 
body. It is a niiiiefalogidR nuatnuy.; a compound of 
several Jjodies, which are Portland cement bodies or Port- 
land cement, minerals. This discovery is very important 
mid very significant, because it brings us considerably 
nearer the answer to the question which was asked in the 
opening to this chapter, and much nearer a final solution. 

Cement experts are agreed that there are a number of 
Portland cement minerals. So far as is known at*the 
present time, the number is stated to be live, but in time 
perhaps others will be discovered. The study of these, 
materials is complicated, and far from easy, for the five 
Portland cement minerals do not by any means occur 
uniformly in each brand of Portland cement, neither in 
the same quantities nor even in the same manner, and 
sometimes one mineral or more is missing altogether. In 
the opinion of some experts, all the Portland cement 
ftmterials have, in spite of their diversity, the same origin, 
otherwise they would not be what they are. They belong 
to the genus cement, burnt out of lime and elav, and 
freed from# all carbonic acid. The Portland cement 
minentlsf so far as is known to-day, consist of four crystal- 
line and one amorphous mineral. Each of these has its 
own constitution, but the actuality of none of them has 
yet been discovered with any certainty. 

The names of the crystalline Portland cement minerals 
are given as Alii, Belit, Colit and Felit. The amorphous 
mineral has fceen termed vitreous or “ glassy ” residue. 

To the expert following up the mineralogy of Portland 
cement the two most interesting and important of these 
five minerals are the alit and the glassy residue. A note- 
worthy body also is the felit. From such investigations as 
have already been made, it is not possible to say much 
about* the options and functions of belit and edit, for at 
the present they appear rather as a kind of ballast in tin; 
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. An interesting view concerning the miilenfiogy of cement, 
and its connection with the disintegration of cement- 
clinker when hurried under very high temperatures map 
be quoted When clinker is burned a£ & temperature 
higher than is necessary for® i ts crystallisation, it contains 
much Of the mineral. called glassy residue. Such clinker 
when allowed to cool off gnillually begins to form crystals, 
and so to lose some of its glassy character. ‘ This process 
causes the mass 1o disintegrate. If, however, such a 
clinker is suddenly chilled with cool water, then the Port- 
land cement glassy residue is quickly changed r from its 
plastic condition into a hard and rigid one, and the crystal- 
lisation is made impossible. The clinker thus not only 
remains permanently intact in form, hut it also retains the 
great hydraulic qualities of the glassy residue mineral in 
'Portland cement, and thus preserves for itself its own 
hydraulic value. 

It is clearly seen under a powerful microscope that felit 
is a mineral having a well-defined double plane of fracture, 
plainly striped in parallel, while alii is colourless, granular 
or flaked, and with weakly-defined double pianos of frac- 
ture. 

The last of the minerals — namely, the Portland cement 
“ glass ’’—is believed to occupy a subordinate position in 
the mineralogy of cement, hut experts are not agreed upon 
this point. According to some experience, it is tound tnat 
tins glassy residue mav, under certain circumstances 
occupy as important a role as alit, and jt has been held 
that under correct conditions it possesses exactly the same 
energy for hardening. 

IJprt land cement “glass” examined under a micro- 
scope appears as a colourless glass, but in isolated eases it 
appears slightly yellow. When it is ground fine, made 
up with water and compressed, it dissolves exceedingly 
slowly at ordinary temperatures. Tt dissolves more quickly 
if hot-water is used, and extraordinarily quick in an 
alkaline solution. 






Raw Materials 


CHAPTER IV. 

Portland cement can be produced' from any raw 
materials w\iose constituents* are capable of yielding by 
calcination flic 'silicates and aluminatcs of lime wln/di 
form its chief components. 

The necessary raw materials far *t lie manufacture are 
lime Visually in the form of carbonate qf lime, such as 
chalk and limestone), silica and alumina, commonly found 
in their combined form as clay or shale. Lime, silica and 
alumina, are also obtained for cement manufacture in in- 
definite proportions from calcareous tufa, slags and alkali 
waste, although such materials are only employed to-day 
to a minor extent. 

Ill the chalk-marl and lias limestone deposits over the 
enimtr\ the necessary ingredients are found in approxi- 
mately correct proportions for cement manufacture in the 
one deposit, naturally mixed, but rarely, if ever, in the 
exact proportions required. 

In order to he suitable for the manufacture of cement 
the raw materials must he of correct chemical composi- 
tion, which implies that they should contain as small a 
percentage as possible of magnesium carbonate — no 
more than 1 per cent., which is the maximum permissible. 
Free or insoluble silica in tlie form of chert, flint, or 
quartz should rnlier he entirely absent, or present only in 
small quantities, and sulphate of lime should not exceed 
* 2.5 per cent. • 

On the other hand, iron oxide and alumina are ifbces- 
sary or desirable for fluxing during calcination, but an 
excess of these substances is objectionable. 

It will thus he seen that with chalk and limestone, the 
other necessary materials, namely, river mud, shale and 
clay used for forming the respective admixtures with the 
cluilky materials should he mainly silicious, blit as free 
from sand as possible. Highly silicious clays, containing 
silica up to 75 per cent., give mixtures which stand the 
great heat of the kiln without fusing, and produce a clinker 
( 39 ) 
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Which is comparatively easy to grind, and which generally* 
yields a slow-setting cement, showing a steady intrease 
in tensile strength over long periods. 

The two materials for the necessary el^enaical combina- 
tion indis|>en8able for the i^anufactuje of cement are jiot 
always found upoA the same site. Some works, however, 
are favoured with these conditions, and it is o$y neceAsarv 
to # examine the localities of the inost siic^esfrfiil works in 
the country to see !iow r invariably it is the case that, 
according to the facility vftth which they command the 
raw materials and their proximity to the market* their 
successes have been assured. * 

From considerations of economy in the excavation, 
crushing and reduction of the raw materials it is desirable 
that they should be as soft and as dry as possible, but this 
is not essential as far as efficiency is concerned. 

ft Portland cement plant running on dry materials, such 
as a mixture of limestone and shale, w ill use approximately 
16,000 tons of raw material per year for a weekly output 
of 200 tons of cement. Of this, about 12,000 tons are 
limestone and 4,000 tons shale. Assuming that the lime- 
stone weighs 160 lbs. per cubic foot, which is a fair weight, 
each 200 tons per week output will require about 168,000 
cubic feet of limestone per year. As tin shale may he 
assumed to contain some considerable amount of water a 
cubic foot will probably contain not over 125 lbs. of dry 
material, so that each 200 tons cement output per week 
will also require 72,000 cubic feet of shale. If calculating, 
therefore, for the location of a plant w r ith a*2(J years’ supply 
of raw materials, there must be in sight for eveny £00 tons 
output of cement per week at least 3,380,000 cubic feet of 
limestone and 1,440,000 cubic feet of shale. 

The raw material' deposits for the manufacture of Port- 
land cement are widely disseminated, but the suitability 
of a certain locality depends upon the manner of the 
occurrence of these requisites and the location of the 
deposit with respect to the cement consuming market and 
the fuel supplies. 

Thus, the building of factories w ill be centred at a point 
where the raw T materials are *fco be found in large quan- 
tities, and near together, where their physical character is 
such as to render them easy of getting ann clearing and of 
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■ramminution and mixing, where coal or other desirable fuel 
may be had at low prices, and where the market is not 
4oo far femoved. 

Ah lias bean pointed out, from a geological formation, 
of « uniform composition containing exactly the right 
amount of naturally mixed lime, silica* and alumina, Port- 
land’ cement could be made* by the cheap and simple 
method of ^nefely burning lumps of the material .as 
obtained from the quarry, and grinding the resultant 
clinker. Such a material hfls ndt*been discovered in 
quantity in this country, and it is perhaps hardly likely 
that it will be, for*a variation of even one per cent, of the 
proportion of carbonate of lime in the raw material for the 
manufacture, to say nothing of tile irregular composition 
of its other ingredients, is sufficient to destroy at once the 
reliable quality of the resultant cement. 

In manufacturing Portland cement, therefore, carbonate 
of liine and clay are first efficiently and accurately amal- 
gamated in certain fixed proportions, either by the addition 
of water to the raw materials, or by the fine grinding and 
mixing of the same in their dry state. 

With either a wet or dry process of blending the raw 
materials to a fixed percentage of carbonate of lime, the 
fineness of the minute particles must be such as to allow 
of the exact chemical change taking place in the burning 
o* calcining operation, and if this preliminary process of 
mixing the raw materials be not carried out with sufficient 
thoroughness, failure is bound to be the result, and will at 
once make itrelf evident when the material is further dealt 
with. 0 * 

The hardness ?>f the raw materials treated in the 
manufacture of Portland cement is of great importarffce in 
determining their practical value, since the constituents 
must he ground to great fineness before mixing. Pure lime- 
stones require pulverising to an impalpable flour, almost 
all passing a 180 by 180 mesh sieve, and are, therefore, 
costly to treat; whereas other limestones or chalk-marl 
containing a considerable proportion of clay are generally 
much softer, and the mixing being already done in part by 
nature, a better burning combination and finished cement 
often result. 

The analysis of a prepared mixture of *raw materials 
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fbr the manufacture of cement* may be approximately 
follows : — Ter Cent. 

Carbonate of Lime ... .. ... 7ft. 35 

Silica ... 14.16 

Alumina ... ... 5.33 

Iron Oxide * • ... ... 1.69 

Magnesia* ..• ... 0.04 

Sulphuric. Anhydride ... .*. 0.31 

Potash, Soda, ... ... ... 1.8-2 


, 100 40 

In or about t lie year 1S20 chalk in* the neighbourhood 
of the Itivcr Modw&y was first used with the river clay 
or mud for experiments in the manufacture of cement, 
and a few years later Ihe first cement works in this district 
were established at Northfleet, in Kent. 

*\t this time the use of Roman cement which is manu- 
factured from argillaceous limestone having a large* pro- 
portion of clay was considerable, and although the then 
new cement was found to he a more reliable material 
then- was naturally some opposition to the introduction of 
the product. 

At the present day, however, the manufacture of Port- 
land cement is forming the staple industry in this neigh- 
bourhood, and indeed it is not only in this district that 
large and important factories have sprung up, but siiceets- 
ful works are now situated in many oilier parts ol tin* 
count rv. 

The chalk formation on the hanks of tht* rivers Thames 
andMedway, and the deposits of mud in th# Estuaries 
and creeks have, however, furnished if suitable supply of 
raw ^Materials in an acceptable form for the manufacture of 
cement. Analyses of these materials are given below 


Silica 

Chalk. Mud. 
1.5-2 05.02 

Alumina 

... > „ r> j 19.74 

... 1 - 8,> < 7.22 

Iron Oxide 

Carbonate of Lime 

... 90.45 1.52 

Loss, &c. (and organic, matter) 

1.18 0.50 


*100.00 100.00 


For many fears* the only materials used^n tbs manu- 
facture of cement were chalk and clay, the white chalk, 
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Which contained as quarried about 18 per Cent, of .water, 
being exclusively used on the Thames ; and on the Med- 
way, the grey or lower chalk found underlying the 
white chalk in the hills bounding the valley of the river. 

These chalk deposits have a deptl of 100 to 300 feet, 
and the excavating is generally carried on by automatic 
plant-, the material being then loaded into trucks for con- 
veyance to a distance by locomotive direct into the fac- 
tories. 

The greater part'oY the "clay used by the Thames and 
Medway manufacturers is the alluvial piud referred to and 
is found in the estuary of the rivers ; although on the 
Thames the inner part of the “saltings,” as they are 
termed, is excavated from the hanks of the river and used 
in the manufacture. 

The chalk marl around Cambridge is a deposit of 
naturally mixed calcareous and argillaceous material found 
at the base of the local chalk. It differs from the main 
mass of the chalk above it in the quantity of clay it contains. 
The Cambridge greensand underlying the deposit of chalk 
marl is a chalky bed a few inches thick, with phosphatic 
nodules and green glauconitic grains. This deposit marks 
a more or less stationary period in respect of sedimentation 
before the deposition of more calcareous debris set in. 

It is a curious fact, and one worthy of note, that the 
chalk marl of Cambridgeshire, though the relative quan- 
tities of chalk may vary from yard to yard in depth when 
testing on the face of a quarry, contains in the aggregate 
about the same proportion of calcareous ana olayeyjnaterial 
ns is obtained artificially by the mixture of 6halk with 
alluvial mud in the Medway Valley.* Therefore, along 
the butcrop of this chalk marl stratum cement works have 
of recent years proved the value of the Cambridge deposit 
from a cement-making point of view. 

The deposit is, in the most favourable conditions, found 
about 2 feet below the surface, and runs to a depth of from 
30 to 60 feet. 

The chalk contained in the material, being in a measure 
the most valuable and most important ingredient in the 
making of Portland cement, is^shown from various analyses 
to average 70 to 80 per cent., and thrfg remaining consti- 
tuents are exactly the amounts of silica, •alumina, and 
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oxide of iron required in the mknufacture. «• It is only safe 
to treat these marls under a scientific cement-making pro- 
cess, and the manufacture is arranged so that the “ lower 
chalked ” marl is intimately blended with the material 
containing an excess of lime-carbomte, so as to produce 
a working average' of, say, 70 per cent, ^he resultant 
mixture is then ready for the further operation of burning. 
r In the early .days of cement-making, some of the marl 
deposits of the Cambridgeshire district, which very nearly 
approached the desired combination of chalk and clay, 
were used for manufacture without any ipurhanicul 
mixing. In such instances the manufacture would be 
carried on by burning the calcareous deposit just as it is 
quarried, and grinding the resultant “ clinker ” (a large pro- 
portion of which would be dust) for Portland cement. The 
unreliable quality of a material so produced is demonstrated 
by the crudest tests; and, from a scientific as well as from 
a commercial point of view, where the deposit varies inj 
its composition, as the analyses of chalk marls generally 
show that it does, such a process of manufacturing Port- 
land cement — a chemical product — cannot be too strongly- 
condemned. 

Given a scientifically mixed and corrected raw material 
from the marl deposit, which is really an intimately 
blended chalk and clay mixture, a cement can he produced 
yielding excellent, results, which has been shown to he 
equal to the Thames and Medway cements prepared from 
the wholly artificial and mechanical mixtures referred to 
above. The following is an analysis of mixed raw 
materials prepared for the manufacture of ftfhent from 
tli£ Cambridge deposit : — 


Silica 

Alumina 

Iron Oxide ... 

Carbonate of Lime . . . 

Carbonate of Magnesia 

Undetermined 


... 15.72 per cent. 
... 4.20 „ 

... 1.89 

... 76.60 ,, 

... 1.31 „ 

.28 „ 


100.00 per cent. 


In the cement-making districts *of Rugby and South 
Wales, the'w'ell-known Lias formation qf limestone and 



.RAW MATERIALS 47 

i • 

sl^ale is successfully treated, and the thin layers of these 
materi&ls, with their considerable variation in composi- 
tion, mdst be very accurately and efficiently dealt with. 
The deposit may be found to ail appreciable extent in other 



parts of Phigland, but the preponderance of shale in pro- 
portion to the limestone (vfliich is generally found to 
contain only 78 to 85 per cent, of carbonate of lime) renders 
the cost of wooing excessive, because ot th& amount of 
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.material not required in the' manufacture. The raw 
materials hero are sometimes ground in their dry state 
for the preliminary operation of mixing to the necessary 
percentage of lime-carbonate, and Vtdien carefully dealt 
with Portland runout of ^excellent* 1 quality is manufac- 
tured. 

The Lias formation consists of layeis of impure lime- 
stone of varying thickness, ranging from two inches to 
two feet, and parted say seams of shale and clay — the total 
thickness of shale beds considerably exceeding as a rule 
that of the limestone. 


Analyses of the Lias limestone and shale are here 


iven : — 

Limestone 

Shale. 

Silica. 

... 7.81 

00.05 

Iron Oxide 

1.90 

10.70 

Alumina 

... 2.59 

0.05 

Carbonate of Lime 

... 81.07 

46.88 

Carbonate of Magnesia .... 

... 1.72 

0.68 

Alkalies and loss 

. . 1.01 

5.04 


100.00 

100.00 


On the Tyne, Wear and Tees and in' the North of Eng- 
land generally, Portland cement was manufactured from 
clmlk imported from the Thames, Medway or Sussex 
districts, and mixed with a local clay, found on the site 
of the works, which contains less organic lrtaitcr than 
that used in the South. From this mixture s\ good quality 
cement is made. 

In Hull the chalk deposits on the hanks of the Lumber 
are used with local days. In Northamptonshire the 
oolite limestone and lias day, which are sometimes super- 
imposed one above the other, are used as raw materials. 

In the United States, most of the cement produced is 
from the Lehigh Valley argillaceous limestone, which con- 
tains rather more clay than is required for a correct mix- 
ture. To this a small amount oT pure limestone, usually 
10 to 20 per cent. r , is added to bring the mixture «p to the 



*AW MATERIALS 


49 


• • 

necessary percentage of calcium carbonate required in thy 
pianufacture. 

The chemical composition of certain typical forms of raw 
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material used in Ibe mamifaclnre of cement in the States 
is here given : — 


Calcium 

Carbonate 

• J 

Maffiujsium 

Cj^lmnate 

Calcium 

Sulphate 

Silica 

Alumina 

Iron 

Oxide, &c. 

88,10 

• 

1.78 


8.20 

1.00 

0.80 

70.10 

:i.9o 

- 

15.05 

9.02 

1.87 

08 81 

! 4.28 

— 

10.32 

7.07 

3.52 

91,77 

0.53 

:U9 

0.22 

1 .22 

3.07 

88.49 

2.71 

1.58 

j 1.78 

(b91 

4.53 


It will thus he seen that given chalk and clay, or a car- 
bonate of lime with silica and alumina in any other form, 
it is of first importance that these materials shall be treated 
with a full knowledge of the all-important chemical and 
mechanical operations of combining them, which alone 
can seciyre the # manufacture of a reliable product. 

D 
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CHAPTER V. 

The preliminary mechanical blending’ of the raw 
materials for the manufacture of Portland cement is an 
operation requiring the utmost technical skill : for the 
thoroughness of the mixing in the amalgamation of the 
raw materials primarily determines the quality ol the re- 
sulting cement ; and if the manufacturer is to turn out a 
product of reliable quality, the supervision of this branch 
of the manufacture is of paramount importance. 

'The time has gone by, therefore, when this responsible 
duty was left to the ordinary workman to perform by rule- 
of-thumb methods, and the mixing of the raw materials 
in the most successful cement works is now carried out 
under the closest supervision of the works’ chemists. The 
manufacturer thus well knows that the finished product is 
not exposed to the continual dangers and failures in test 
which were so common in the earlier stages of the industry. 

The primary conditions of any methods of Portland 
cement manufacture are. that the raw materials shall r be 
correctly proportioned, very finely comminuted and thor- 
oughly mixed. & 

How these conditions can best be fulfilled depends chiefly 
upon the character of the raw materials ; so tliairtBe details 
of the methods 'adopted by manufacturers generally vary 
with the raw materials used. 

For example, in the Thames and Medway districts, the 
soft chalk, together with the river mud, is advantageously 
mixed by “washing” the two materials together, and 
where chalk-marl is used, or limestone and shale, these 
sometimes are reduced by both wet and dry grinding. With 
either process the fineness of the particles must be such that 
the exact chemical change is allowed to take place in the 
next operation of the manufacture (burning or calcining), 
and if this preliminary process of mixing the raw materials 
be not scientifically carried out, failure is j^ound.to result 
' when the mixture is subjected to the heat necessary for cal- 
cination. 

<- tan 
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• Thp first process in the manufacture of cement is gener- 
ally tlig uncovering of the deposits and the quarrying or 
'mining of the raw materials, in which operations the most 
approved plaht*is now employed to save labour. 

•The general use* of mechanical differs is supersed- 
ing .method** of hand quarryyig in chalk quarries where 
the “ milliitg ” of chalk has prevailed for many ^ears. 
The latter system of barring down the chalk in steps by 
hand labour involves the loosening pi the material, which 
then falls direct into trucks at the bottom of a semi-circular 



Kx(\\\*VTOHS ToPROIUNO AND Soi’T ('IIU.K QrARRYINO. 


shaped face for the conveyance of the raw materials to the 
factory. 

In the case of lias limestone and shale, the same 
mechanical digging plant is employed, after drilling, 
blasting and shattering of the deposit has taken place, but 
in this instance the addition of further plant is necessary 
in tlie shape of a “ nimbler,” or revolving circular frame- 
work, for shaking out the preponderating shale which 
exists with such materials. * Clay, on the other hand, can 
either be won by a grab or by the usual excavating methods 
employed in dealing with the identical nSaterial locally 
obtained. 
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. After the quarrying of the raw materials and their con- 
veyance to the factory, there are two principal methods of 
mixing them, namely ; — 

• (1) The “Wet process/’ by which the materials are 

mixed with water, and reduced to an extremely fine state 
of division by grinding machinery. 

(2) The “ Dry process,” in which the perfectly dried 
materials are ground together to an impalpable powder or 
“ flour,” and subsequently tnixed to correct chemical pro- 
portions. 

The wet prodess of mixing is particularly adapted to 
such materials as are easily disintegrated by the addition 
of water, and this method of mixing is employed to a 
considerable extent by the manufacturers of cement on 
the Thames and Medway. 

The original wot process — now obsolete — consisted of 
tipping chalk and clay in weighed quantities into a wash- 
mill and adding a large proportion of water to the mixture. 
The wash-mill usually consisted of a brick pit about 15 feet 
in diameter and 5 feet deep, in which revolved a series nf 
harrows fitted with “ tines ” or teeth for breaking up and 
mixing the two ingredients in their wet state. It was 
fitted with a circular framework, revolving on a. central 
pier, to which the harrows were sus|>endcd by chains, the 
machine being driven by a crown wheel, which travelled 
the heavy burrows round the wash-mill and through the. 
material at the same time, at a speed of about 15 revolu- 
tions per minute, thus agitating the mass wild disintegrat- 
ing and mixing the raw materials, to which \ya‘er was 
added in such quantities as to bring the mixture to about 
the consistency of milk, in this condition it is termed 
“ slip ” or “ slurry.” 

It is, of course, essential that extreme care should be 
exercised in adding the correct proportiops of the chalk 
and clay, or whatever other raw materials may be used in 
the w'et process, so tiiat the resultant mixture may be relied 
upon to contain the exact chemical constituents necessary 
for the manufacture of a thoroughly sound cement ; for if 
the raw materials are not mixed in this proper proportion, 
nothing can he done later to correct it, and the result will 
he an inferior .product. * 

When the liquid mixture of chalk and flay was suf- 
ficiently fine to pass the grating with which a portion of 




Wash Mill Plant — W’et Process. 
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the periphery of the wash-mill was fitted, it flowed into 
settling “ backs,” where some of the excess of water lidded 
was removed by decantation, and when the slurry'becamc 
sufficiently solid to be handled with a shovel , it was con- 
veyed to kilns for burning. 

Manufacture by “this wet process was, however, at- 
tended by certain drawbwks, one of which was the 
lengthy period taken up in drying — a peViod ranging 
from six to twelve weeks. Another, and one which 
was far more sericAiu, was a liability to inequality in 
the mixture. This was caused as follows : — Winn the 
slurry has been deposited in the “ backs ” the particles 
of chalk settle moiv quickl\ than the particles of clay 
with the result that the contents of the reservoirs consist 
of layers of over-chalked material, intermixed with layers 
of over-clayed material, and thus the certainty of ob- 
taining the uniformity of mixture necessary for the best 
results is rendered imixissible. 

These experiments led to the adoption of the semi-wet 
process of raw material mixing. This was the system 
originally patented by the late Mr. W. Goreham for wash- 
ing the raw materials with a minimum quantity of water, 
whereby the raw material mixture then used in the manu- 
facture was changed from a thin chalky consistency to one 
of a much thicker mixture or one of the consistency of 
mud. With the substantial change in the manufacture 
brought about by this improvement in the raw mixing pro- 
cess there appears to have been a general alteration of the 
manufacturing plant. It was then inafht<iined that by 
materially reducing the amount of water, and grinding the 
mixture bv mill-stones, such as were then in use for grind- 
ing the finished cement, the grinding and mixing of the 
raw materials were rendered more thorough and complete. 
The original form of grinding plant for what was then 
termed the “ semi-wet ” method consisted of three pairs 
of mill-stones, placed in such a w T ay that the thick slurry 
after grinding from the first pair ran to the second and 
through to the third. 

This repeated grinding was found, however, to be un- 
necessary, and the grinding mills were then so arranged 
that the thick chalky mixture ran only once through, and 
ultimately thi* grinding of the \Vet slurry fjavc w;ay to a 
method merely of separation. 
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The original patent granted for the manufacture cf-’~ 
c£meat by the semi- wet method is dated July 12th, 1870, 
which was of course before the introduction of the Rotary 
Kiln. The patent runs : — 

'* Portland* celnent is made from chalk and clay. 

* There are at present two different methods of manu- 
facturing Portland cement. 

According to the wet method commonly practised in 
England the chalk and clay. are first ‘ washed ’ in wash- 
mills with harrow tines, and effe so^iiixed with about five 
times # thcir weight of water. They are thus thoroughly 
disintegfated and tnixed together, and life mixture flows 
out of the wash-mills as a liquid of ybont the consistency 
of milk. 



Section of Wash Mills Ivmim.oykd in the Wbi Puocesh. 


“ Tlie further process of manufacture is the separation 
of the water which lias thus been mixed with the chalk 
and clay in order that the ‘ slip,’ as the mixture is called, 
may be sufficiently dried for burning in kilns. 

“ Tl^e liquid mentioned is therefore run into reservoirs 
or 1 lmcKfc,’ in which the chalk and day gradually sink 
to the bottom, and the water above it for the most part 
removed partly by drainage and partly by evaporation. 
This process occupies from six to twelve weeks, ac- 
cording to circumstances. 

“ The chalk and clay are then dug out of the ‘ backs 
in the state of mud, more or less thick, and the ‘ slip,* 
after having been further completely dried by artificial 
means, is then burnt in kilns and ground. 

“ According to the dry method as frequently practised, 
the chalk and clay are eaclf ground separately, having first 
been artificially dried to facilitate the grinding. They are 
then mixed* and the mixture thus resulting is made into 
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fericks or lumps by the aid of just sufficient water to bind 
it together. The bricks or lumps are then 'burnt in, kilns 
with or without being previously dried on stoves <# other- 


Now , according to my invention fa Senfi-wet method) 
tho chalk and clay ijre roughly mixed’ together in a wash- 
null with a small quantity of water, only, say, one-third 
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of the weight of the whole. The product resulting from 
ns operation is not a liquid but a mud with coarse par- 

throughout l it dlKmte!irated l ' lmlk and Cli ‘ y inters I^ He,t 

u , 1 then 1 WKS tllis , '; iud through a pair of mill-stones, 
such as are now used for grinding cement after it comes 
“d thereby thoroughly comminute and 
mix- the whole. The mud is then immediatelv 
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to the drying stoves or changers without being poured into 
the reservoirs or * backs ’ and the dried slip is then burnt . 
ir^ kilns.. 

“ A portion of the fuel for burning the cement may be 
mixgd with the fchaik and clay, as Is described in the 
specification of a patent granted to and another and 
dated -the fourth day of Febyiary, one thousand eight 
hundred andfeeventy, No. 99. Tn such case the fufcl is 
added to the other materials in the wash-mill. 

“ 1 avoid by my process the^time. #pace and excuse 
involved in driving off the excessive quantity of water with 
which the* chalk and day are mixed according to the wet 
way of manufacture, inasmuch as T succeed in effecting 
the perfect disintegration and mixing of the materials with 
a small quantity of water only and in thus obtaining a 
product which can at once he dried by artificial means 
without the aid of drainage or evaporation in backs. •» 

“ I •also avoid the expense incurred in the so-called dry 
process by drying and grinding the chalk and clay 
separately, and in afterwards mixing them with water, 
and I also obtain finer comminution and more uniform 
admixture of the materials than it is believed can be, 
obtained by the dry method. 

“ Although T have adopted by preference the above 
method of partly mixing and disintegrating the chalk and 
clay in a wash-mill with barrow tines and afterwards of 
completing the process by further grinding the mud 
between mill-stones — this method may be varied, but ] 
claim as my improvements in the manufacture of Portland 
cement , •^integrating and mixing the elnilk and day by 
grinding or crushing when w r et, but without excess of 
* water, and then at once drying and burning the mud thus 
obtained without the separation of water in settling 
backs.” 

It will thus be seen that the difference between the 
original wet process and the semi- wet process was, that in 
the former the whole of the grinding and mixing was done 
by the wash-mill with very large additions of water, while 
in the semi- wet process a much low T er percentage of water 
is used, the wash-mill only preparing the work of grinding 
and mixing ; the final reduction and mixing being accom- 
plished by means of mill-stones or jatbej: convenient 
grinding* machinery. 
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The semi-wet process was .found to be a considerable 
improvement upon the older methods, and lias, with modi- 
fications, since been adopted by the majority ©f manu- 
facturers throughout the country making cement by tne 
wet process. * 

Glider the n<*w;er method (lie necessity for the large 
amount of water used in, the original wet • process — and 
which must all be dried off before the material can be 
burned — is obviated, the slurry being carried on to the 
further machinery ,.<if redaction or separation, where the 
operation of amalgamation is completed. 

It was founfl, however, as time wVnt on tlutt the wet 
grinding of the raw, materials served a double purpose : it 
not only reduced the raw materials to such a size that the 
necessary intimate mixture might take place, but it also 
assisted the actual mixing, which it rendered more uni- 
form, and consequently improved the quality of the finished 
cement. * 

The wet process as now' adopted on the Thames and 
Medway, consists in tipping the weighed raw materials 
into a wash-mill similar in construction to that previously 
described, but having a coarse grating instead of the fine 
screens before mentioned. The partially disintegrated 
chalk and day witli water amounting to about 4*2 per cent, 
of the whole, passes through this grating into another 
wash-mill, known as a screening mill, which completes 
the disintegration, and which is fitted with a fine screen, 
so that no particles which will not pass a sieve of about 
40 meshes per linear inch can escape. * „ 

In some cases a series of three wash-mills ^required 
for the complete disintegration and sefeening of the chalk 
and clay, while in other cases, where the chalk is soft, it 
is possible to pei'form the whole operation in one wash- 
mill. 

Again, in some cases the slurry is passed through a tube- 
mill after leaving the wash-mills in order to perfect the 
grinding. Such a tube-mill consists essentially of a long 
revolving drum made of steel and protected against wear 
and tear hv renewable cast-iron plates. The drum is about 
half filled with rounded flinfr pebbles, and is fitted with 
one or more manholes for the purjmse of access. 

A modern modification of the wet proce^ is sewnetimes 
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referred to as the “ thick slurry ” process, which is an 
adaptation of the w r et process for use with hard raw 



materials, such as limestone and shale. In the thick 
slurry process the weighed raw materials are crushed and 
conveyejl to a ball-mill— a large steel * drum containing 
heavy steel Ralls— which pulverises the material to be 
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ground by impact. Water is also introduced into this wet 
ball-mill, and the result is a partly ground slurry * which 
passes to a tube-mill for final reduction. 

In the dry process method of dealing with the raw 
materials for cement manufacture tfye calcareous and argil- 
laceous materials, of whatever substances they may be 
composed, have first to be dried after passing the pre- 
limihary crushing machinery. 

The dryers used in the manufacture of cement have in 
the past taken the“shape of expensively constructed kilns 
or heated floors, with their attendant heavy, working 
charges, but with the more general adoption of the dry 
process of manufacture in other countries little time was 
lost in inventing a less costly and more efficient plant, 
which could .also be worked at a much reduced labour co6t, 
The dryers, therefore, now usually employed, and which 
ihclude the most modern apparatus, are not patented, and 
generally consist of revolving cylinders, 30 feet to 50 feet 
in length and about 4 feet in diameter. These rotary 
drying drums, as they are termed, are supported on steel 
tyres resting on heavy friction rolls. The drums are 
rotated when in use at a speed approximating two revolu- 
tions per minute, and are usually set with an inclination 
of about one-half inch per foot. 

The raw materials after passing the crushing rolls are 
introduced into the upper end of the dryers, and are im- 
mediately caught by cascading channels fitted inside the 
drums, which lift and drop the crushed raw materials as 
the drum revolves, and present them to the heated gases 
passing through the drums in the opposite directioti to that 
in which the materials are travelling tef the lower or outlet 
end. The use of waste heat from the kilns is generally 
employed for drying purposes, or again, separate furnaces 
are sometimes arranged for heating the entering air at 
the lower end of the drum. 

The raw material after thus being crushed and dried 
must be reduced to an extremely fine powder or “ flour,” 
and then carefully and thoroughly mixed to the proper 
chemical proportions before being conveyed to the kilns for 
burning. • 

If the mixture is to be burned in shaft kilns, which will 
be referred to* hereafter, the prepared raw material must 
be damped to give a sufficient " bind ’^for making or 




Rotary Dkyjm. I Hu m — Dry 


62 RAW MATERIALS— MIXING 

pressing into blocks (or bricky to be charged into the kiln. 
If the rotary kiln is in use, however, the dry powder can 
be conveyed and fed directly into it for calcining. 

The dry process of manufacturing, cement is more 
generally employed in the United States, where hard? raw* 
materials are employed; and in the United Kingdom in 
cas?s where the interstratffied limestones anil shales of the 
lias formation supply the raw materials. In ‘the Cambridge 
district, also, the chalk niarls offer facilities for dry grind- 
ing, since no flints dccur with these raw materials. 

From the above description it w^ll appear,, therefore, 
that in preparing the raw materials the chalk and clay 01- 
other materials mifst he first reduced to the utmost fine- 
ness, either by the addition of water, which helps to break 
down the cohesion between the particles and leaves the 
pia ferial in a very finely divided state, or by the more 
mechanical process of grinding when dry. The physical 
properties of the respective materials to be dealt with will 
generally determine which method of reduction is to be 
adopted. 

In the further process ofmixing the raw materials, the 
ingredients are gauged in certain exact proportions, and tin* 
accuracy with which those proportions arc estimated, and 
the mechanical efficiency with which the process of ad- 
mixture is carried out, are the first essentials in the manu- 
facture. ■ 

A dry process method, comprises firstly, machinery for 
crushing, and plant (such as the “ tower ” or drying 
drum here illustrated) lor the preliminary drying of the 
raw material as it is brought from the quarry. * Apparatus 
is then required for the reduction of fiie two materials to 
an impalpable powder, or, as we have termed it, “ flour ” ; 
and mixers for the storage and mechanical mixing of the 
flour until passed as chemically accurate and ready for 
burning. 

To weigh up then the specific advantages of the wet and 
dry processes of preparing the raw materials for cement 
manufacture, it Bhould be pointed out that some materials 
— such as the Thames chalk — demand the wet process, so 
as to eliminate tile flints, which cannot be entirely got rid 
of by other means. On the other hand, hard or soft raw 
materials coittaintog no foreign nSatter can f be ground by 
mills either in their wet or dry state, the economic feature 
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being tied (led l*y tlie cost of drying and grinding the raw 
Materials, (if by tlie dry process) and the cost of wet grind- 
ing the same materials plus the additional coal required 



to burn off tlie excess of moisture when ultimately burning 
the materials in the kiln, an excess fuel up to 2 cwts. per 
ton of cement# being necessary in the w£t method over the 
dry method if rotary kilns are employed for burning. 
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If the reduction of the ingredients be coifipleted hy either 
of the processes above mentioned, and, chemically con- 
sidered, the lines laid down be strictly adhered to, tlie 
resultant cement should be a perfect procTuct. 

, The composition of thd raw material mixture is ascer- 
tained, by analyses and tests, undertaken by the works' 
chemists at ’frequent intefVals, and the carbonate of lime 
(familiarly known by its chemical formula, 0aC0 3 ; should 
be kept within, at most, one-half per cent, of the quantity 
found to produce tfle best cement. This percentage of 
lime carbonate varies in different works according to the 
raw materials obtained from the many geological forma- 
tions contributing to the manufacture, but, roughly, a com- 
bination containing from 75 to 77 per cent, of CaCOu will 
produce a cement of good quality. 
n When the remaining portion of clay runs too high (or 
the percentage of lime carbonate falls below 75) a* com- 
pound is obtained which, in the burning process, will fuse 
at a temperature lower than that required for the produc- 
tion of sound clinker, thus rendering it more or less useless. 
On the other hand, an excess of clmlk (above, say, 77 per 
cent.) will allow a mixture to 'sustain a high temperature 
in the kiln without risk of fusion, but the resultant clinker 
would be of very doubtful quality because of its tendency 
to expansion wdten ground for cement. 

Again, a variation in the amount of carbonate of lime, 
even to one-half per cent., is found to alter appreciably 
the tensile strength of a cement. A series of tests bearing 
on this subject were recently made with chalk marl as a 
raw material, and it was shown that from a perfectly mixed 
raw material, of 76.5 to 77 per cent. CaCOs, a cement was 
produced the tensile strength of which at seven days w r as 
780 lbs. per square inch, and at twenty-eight days 940 lbs. 
With a mixture of 76 to 76.5 per cent, lime carbonate, the 
strain was 610 lbs. in seven days, and 800 lbs. in twenty- 
eight days, and with a mixture of 75.5 to 76 per cent. 
CaCOs, 520 lbs. in seven days and 780 in twenty-eight. 
All of the samples produced were perfectly sound under 
the strictest tests, but if the CaCOs were increased above 
77.0 per cent., the cement *was unsound, and similarly 
with a mixture of 74 per cent. ^CaCOs, the resulting 
cement had little Strength. This illustration is«giyen as 
showing the necessity for mixing as closely as possible to* 
definite standards of composition. 
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The mechanically-mixed* raw material prepared in the 
ordinary course of manufacture may analyse as follows • 

• 

Silica # ... # ... ... 15.72 per cent. 'I 

Alumina and oxide of iron , ... 6.10 „ >C)ay. 

Undetermined • ... •*... .57 # „ J 

Carbdhate of lime ... • ... 76.50 „• ( /il’ii,* 

(‘arboVate of magnesia ... 1.11 ,, \ ** 

From such a material, if properly floated in the further 
stages of manufacture, a good commercial cement, testing 
at least TOO lbs. pep square inch in seven flays, should be 
produced. 

The chemist’s services, therefore, are requisitioned to 
check the raw material mixtures both before they are quar- 
ried and after they are further dealt with, by subjecting the 
chalk and clay in its amalgamated state to strict analyses 
and tests. Of course, experience and practice in the treat- 
ment of the raw material obviate to some extent the 
necessity of continually analysing the mixture, hut even 
this is systematically carried out at varying periods, accord- 
ing to the variation of the raw material constituents and 
the percentages found to produce the best quality of 
cement. 



Estimation and Analysis of- Raw Materials* 

CHAPTER VI. 

In the primary dtfige of the manufacture of Portland 
cement .it is necessary to be c hemicplly accurate in the 
estimation of the proportion of carbonate of lime to that 
of silica and alumina contained in the raw materials. 

If the ingredients of the mixture are not prepared so as 
to contain the exact and necessary proportions of these 
compounds before the succeeding stage of manufacture is 
proceeded with, no effort on the part of the manufacturer 
and no scientific operation can bring the resultant cement 
up to the standard it might have attained had the pro- 
portioning of the ingredients been accurately carried out. 

It is, therefore, desirable for the manufacturer to exercise 
an incessant check, at least, upon the determination of the 
calcium carbonate (provided the raw material mixture is 
of normal constitution), and methods must be adopted of 
accurately testing the mixture with speed and facility, so 
often each day has the test to be made. 

The raw material which will produce the lime (the 
main facto’* in the manufacture of Portland cement) is 
found in many places and is of many Ipielities. Jt may 
be in the form of slaa, alkali waste, soft *chalk, <ir 
a hard crystalline limestone, or one of the many grades of % 
calcium carbonate between the two latter. As a rule, the 
soft chalks are very pure carbonate of lime, but they con- 
tain much water, and the hard limestones often contain 
in a natural state as much as 99 per cent, carbonate of 
lime. 

The clay (containing the silica and alumina) varies 
almost as much, from soft river mud to hard shales or slate. 
The chalk and limestone generally contain few impurities, 
but the clay is apt to contain magnesia, sulphur and 
alkalies, the presence of which must be kept within certain 
strictly defined limitB. 


( 60 ) 
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It is necessary, therefore first to determine accurately" 
the exact composition of the materials, as some substances 
age injurious to the finished cement, and others simply 
increase the bqlk without any appreciable benefit. The 
smaller the quantity of these .foreign substances present 
in the raw material the better will be^tBe quality of the 
finished prodiet. 

Carbonate Jf magnesia is nearly always present in the 
raw material. The presence of magnesia in Portland 
cement is generally considered # harn#ftil if it amounts to 
more tjian three per cent. ; it is, thereforj, usually kept 
within this limit. The effect of magnesia in cement is to 
cause expansion, but the exact chemical action has not yet 
been definitely explained. 

Investigations have shewn that five per cent, of mag- 
nesia mixed with good cement and made into a pat, 
showed no signs of expansion until the end of six months, 
the sample being under water all the time. Another 
sample experimented with was boiled for six hours before 
any expansion took place, and the expansion con- 
tinued for thirty-four hours. Some experts consider 
that magnesia, though possessing marked hydraulic pro- 
perties when ignited alone, yields no hydraulic products 
when heated with silica, alumina or clay, and probably 
plays no part in the formation of the cement. It is, how- 
ever, incapable of replacing lime in cement mixtures, the 
composition of which should be calculated on the basis of 
the lime only without regard to the magnesia present. 

Nearly all cjjiy* contains sulphates in email quantities, 
and the frgsence of even the smallest quantity is injurious 
in a theoretical seiwe, but in practice may not be notice- 
able if under two per cent. In the finished cement it may 
appear as sulphate of lime, commonly known as gypsum 
or plaster of Paris. This substance, in the presence of 
free lime, the illuminates usually found in cement, and 
the water used in gauging, forms with them a crystalline 
compound which occupies a much larger space than the 
aluminate and sulphate of which it is composed. For this 
reason any considerable quantity of sulphate will cause 
expansion of the whole mags of the cement, tending to 
produce fine cracks and materially weaken the finished 
work. , 

Should the ‘cement contain no alumina, the dangerous 
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a fixed proportion in the calcium carbonate/ the percentage 
of lime can be calculated from the volume of gas given off. 

We will here give a description of the Faya'* instru- 
ment 

'A is the generating bottle. 

B is the acid measure. - 

C is the gutta-percha acid tube. 

D is the condenser with^lead coil. 

E is the gas measuring tube, having at its upper end 
the two taps E rt and G. ( *■ 

H is the equilibrium tube, which may be moved up and 
down and secured in any position by fixing it on the rod I, 
by means of the thumb-screw K. 

L is the barometer, to which is attached on its upper 
side, the tap M. 

C N is an india-rubber ball, attached by a tube to the 
barometer, which ball may be compressed or expanded by 
turning the handle 0, thus adjusting the pressure in the 
instrument. 

To set up the instrument it is first necessary to 
secure it firmly against a wall, takiug care that the tubes 
K and H are perfectly vertical. Then attach the india- 
rubber tube 1\ connecting the lower ends of tubes 7*1 and 
H. Tube 17 should then he lowered until its upper neck 
is a little above the lowest reading on tube E, a funnel 
inserted in the neck of H. and the tube filled with water 
until the water vises up to the lowest reading in tube E. 
When filling with water, the two taps F ''and Q, should 
he open, and as air is likelv to accumulate in r the india- 
rubber tube 1\ this should he squeezed and pressed until 
the air is all expelled. 

The water used should be distilled water, and in order 
that all air may be expelled from it, it should be boiled 
and allowed to cool before pouring into the instrument. 
Then attach the other india-rubber tubes, as shown in the 
drawing, put the stopper info the generating bottle \, 
close taps G and M, and see if the instrument is tight. 
This is acertained by placing the equilibrium tube H in 
such a position that there is a difference of several inches 
in the level of the water in the two tubes E and H, and 
noting the reading of the level of the water, .in tube E ; if 
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the instrument,™ tight, the. water will remain at this level 
for an -indefinite }>eriod. Tf, on the other hand, the water 



in Vi ri^es or falls, some qf the joints ^rc $ot tight, and 
they must he^nade tight by binding them with thin brass 
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or copper wire. Tiie condenser D shoul4 be filled with 
water. 

* 

To work the instrument.— Having ascertained that 
the instrument is tight,, the mode of working i§ as 
follows : — 

Fp’st* remove the cork from the generating bottle A and 
take out the acid tube C, then open the taps F, G , and M. 
Elevate tube H to such a height that the water in tube E 
is exactly level witfrthe mark immediately under tap F, 
and secure it there by turning the thupib-screw 3L 'Weigh 
out the quantity of carbonate of which it is desired to 
determine the carbobic acid, and place it in the generating 
bottle A. 

Measure out the proper quantity of acid to use in the 
ipeasuring glass B, and pour it into the acid tube C. 
Wipe the outside of the acid tube C, so as to be sure that 
no acid has run clown the side, and insert it, with a pair 
of tongs, into the generating bottle A. lie-insert the 
stopper in the generating bottle A, taking care that it is 
secure and tight. Close tap (t, and take hold of the thumb- 
screw K with the left hand and slack it, at the same time 
keeping tube II approximately in its elevated position. 
Now take the generating bottle A in the light hand and 
incline it so that the acid runs out of the acid tube C on 
to the carbonate in the bottle A, and as the gas is gene- 
rated, lower tube H, so as to keep the water in tubes K 
and H approximately at the same Jevel. Continue 
shaking the bottle while the gas is generating, anjt be sure 
that all the acid has rim out of the acid tubeT. Place 
the generating bottle A in the water in the condenser D ; • 
this is to cool the gas, which might have been heated by 
the handling of the generating bottle A, down to the tem- 
perature of the water in the condenser D. Having left it 
there for a minute or so, remove it, and again shake it, 
and note if any more gas is generated. When all the gas 
is generated, which is indicated by the water in tube E 
remaining in a constant position, close the taps F and M, 
turn the handle 0, actuating the ball N, in either one 
direction or the other, so that the pressure in the baro- 
meter is diminished or increased^ until it indicates the 
normal pressure oi 29.92 inches, or 760 millimetres, which 
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is more distinctly shown by the heavy line. Adjust tube 
• !°u ^ the water in it is exactly level with the water 
m tube fc, and take the reading of the level of the water 
in tube Iii. T|jis reading is the amount of gas developed 
at tile standard pressure, and, .simply requires correction 
for temperature, which may he ascertained by tabfeg 
already prepjfred. 0 * . .*. • 

When using the instrument the thermometer Bhoufd be 
placed and left in the water in the condensing vessel D 
as it is the temperature of this* water* which governs the 
tempeiaiture of the gas, hut it is as well to try and adjust 
the temperature oflhe water to approximately the tem- 
perature of the atmosphere of the rrooni in ‘which the 
instrument is worked. 

Before commencing an experiment, the reading of the 
barometer should be ascertained, and if above 29.92 inches 
or 700 millimetres, the hall N should be deflated, fa 
that by turning the handle 0, and allowing the ball to 
expand, the pressure in the barometer will be decreased. 
Jf, on the other hand, the barometer is below 29.92 inches 
or 700 millimetres, the hall N should he left fully ex- 
panded, when by turning the handle O, so as to compress 
the hall, (he pressure in the barometer will be increased. 

The essential portion of the Baija’s apparatus for the 
determination of carbonic acid gas consists in the addition 
of a barometer to the equilibrium tube, the pressure in 
which, and in the gas-generating tube, may be adjusted 
to a standard pressure. 

By this ar^nf^einent, temperature is the only factor 
which if i* necessary to consider when the volume of the 
gas has been ascertained by the reading of the instru- 
ment; and for easy use with this instrument complete 
tables have been arranged, so that the operation of testing 
raw materials only occupies a few minutes. 

This apparatus has been designed to obviate as far as pos- 
sible the disadvantages entailed by the difference in volume 
of gases due to variation of temperature and barometric 
pressure necessitating in all instruments designed for 
their volumetric determination a considerable amount of 
calculation. 

The Scheibler’s oalcimeter here illustrated consists 
of the fallowing parts A small bottlS A provided with 
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'a perf orated stopper. In the bottle is placed a tube S, of 
■rtutta-percha or glass. Another bottle B, is provided with 
three openings in its neck. The central opening of tbe 
bottle contains a firmly fixed glass tube, which connects 



at the one end with A by means of the flexible rubber 
tube R, and at the other inside the bottle B, with a very 
light india-rubber bladder. 

The left-hand opening is controlled by a pinch-cock on 
a piece of rubber tubing, 'file right-hand opening con- 
nects B with the measuring tube, # which is an accurately 
graduated glass cylinder C, of 150 c.e. capacity. ^Another 
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glass cylinder p serves to Kegulate the pressure of the. gas 
measured in C, and a tube P passes through a stopper into- 
tiie water reservoir E, and is connected with D and con- 
trolled by meaps of $ pinch-cock. 

Eor determining, then, the, amount of carbonate of 
lime in the raw material mixture, a sihall sample, say, 
.5 gramme, finely powdered, 4s placed in -the -bottle A. 
The tube or Aip is filled with 10 c.c. of dilute hydrochloric 
acid and placed also in the bottle. 

Shake the bottle A so that the acid*, gradually mixes with 
the sample, and release the cock P in order that the water 
which has been previously filled into the cylinders I> and C 
may be released as the gas in C displaces the same; keep 
the water in 1) on an exact level with C. Then take the 
reading on C and compare the volume of gas given off 
from the sample with the results from testing a standard 
sample of pure calcium carbonate (Iceland spar). 

For example, take .5 gramme pure calcium carbonate, 
and say the gas registers 18 c.c. on the cylinder 0, and 
say .5 gramme of the mixed raw materials For the manu- 
facture gives KJ c.c. of gas; the result is ■ — - = 72.2 

per cent, of carbonate of lime in the sample. 

The apparatus for estimation is always placed in the 
laboratory, where direct sunlight cannot fall upon it, and 
is also protected from any other heat, so that the results 
arc not affected by these conditions. 

Although othe*’ methods can he adopted for estimating 
the carbonate* of lime in jaw materials, those described 
above are found to be sufficiently accurate for general prac- 
tical purposes, and little or no technical skill is required 
in their manipulation. 

By the titration test the calcium carbonate is decom- 
posed by a measured quantity of standard nitric or hydro- 
chloric acid, and the excess of acid determined by titration 
with standard alkali. This latter test is of a more tech- 
nical description, and necessitates the careful preparation 
and standardising of solutions by qualified chemists. 

The method for the estin^tion of carbonate of lime by 
titration is based on the chemical action of a given quantity 
of acid of known strength on a given weight of carbonate 
of lime ? the excess of acid being found by titration with 
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standard alkali. The solutions required fyr the titration 
test are normal hydrochloric acid and semi-normal Sodium 
hydrate. 

To prepare a Standard Normal Hydrophlorio Aoid 

(HC1) Solution:— 

* . 

Take. 200 c.c: of pure concentrated acid, and well mix 
witht!800 c.c. distilled water. 


To standardise the solution work as follows : — 

• • 

Weigh out accurately 1.0G grammes of pure dry podium 
Carbonate (Nu^ C() 3 ), which should b« ignited aiid cooled 
in a desiccator befqj’e weighing. Transfer to a 200 c.c. 
flask and dissolve in about 25 c.c. distilled water. Add 
two drops of Methyl Orange indicator, and titrate the con- 
tents with the acid solution from a graduated burette. 

• It will be found that it takes 20 c.c. normal standard 
acid to neutralise the 1.06 grammes NasCO s . Should the 
acid be too strong water is added, if too weak, more acid 
is added, but it is better to make sure of the acid being too 
strong as it is much quicker to dilute to Standard than to 
raise by addition of more acid. For rapid correction the 
following calculation is advised : — 

Example: — Acid required to neutralise 1.06 gr. NagCOj 
= 19.2 c.c. As standard acid takes 20 c.c. to neutralise 
1.06 gr.NagCOg each 19.2 c.c. in stock solution will require 
.8 c.c. water to make up to 20 c.c. The stock solution of 
acid is 2,000 c.c., as above mentioned. 


Thus : — 


2000 

19.2 


104.1 


/. 104.1 x .8 = 83.2 c.c. water required. 


After additions have been made to the acid solution, 
repeated titrations with 1.06 gr. Sodium Carbonate must 
be carried out, showing well agreeing results at 20 c.c. 
before the acid is passed as correct normal. 

To prepare Standard Semi-Normal Sodium Hydrate 
(NaHO) Solution take about 44 grammes Pure Sodium 
Hydrate (NaHO) sticks, and dissolve in about two litres 
of distilled water.. 
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Fill a graduated burette* with the Standard Acid solu- 
iion, also a burette with the Sodium Hydrate solution. 



Tituation Ajtaiutus foh Estimation of tal0 3 in 
Li aw Material, 


Run into a flask from the burette 25 c.c. of Acid; two 
drops of, Methyl Orange are added, and*the» the solution 
of Sodium Hydrate is run into the flask from the burette 
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till the colour just turns yellow. As the alkali is half the 
strength of the Standard Acid, 25 c.c. acid should ‘require 
50 c.c. of the alkali solution to neutralise it. *A strong 
solution of the Sodium Hydrate solution ris best diluted 
dqwn in the same methodvis used fpr the acid. Several 
titrations must, be* done with results agreeing at 25 c.c. 
acid, requiring 50 c.c. alkrfh before the solution is passed 
as correct. 

In using the Standard - Acid and Alkali method for 
testing for OaCOS, the raw material mixture (chalk or 
slurry) is dried and well ground in a qiortar. t « 

Weigh out accurately 1 gramme, and transfer to a 200 
c.c. flask. * 

From the burette run in 25 c.c. of the standard acid, 
wash down with some distilled water the sides of the flask, 
tjjien place on a hot plate and boil for a few minutes. 
Remove and add to the flask a few drops of phenol 
Phtlmlein solution (indicator); now r run in the standard 
alkali from a graduated burette until the solution turns a 
purple tinge (this point, when all the acid is neutralised, 
is very distinct), then take the reading on the burette. 

The method of calculating, the CaC0 3 is as follows : — 
The number of c.c. alkali required, divided by two, gives 
the amount of acid neutralised by the alkali; which, sub- 
tracted from 25 c.c. gives the amount of acid used by the 
carbonate of lime in the slurry. This result, multiplied 
by five, gives the percentage of Carbonate of Lime. The 
above calculation is arrived at from the chemical reactions 
in the following equation : — « 

2HC1 + ChCO* = CaCL + HaO + C0 2 

An explanation of this equation is as follows 

2 HC1 + CaCOa 
2 (1 + 35.5) + 40 + 12 + 48 _ 

73 I'OO 

The molecular weight of Hydrochloric Acid (HC1) is 
36.5 and of Carbonate of Lime (CaC0 3 ) 100. Then 100 
CaC0 3 requires 73.0 of HCU Normal Standard HC1 con- 
tains 36.5 grammes Hydrochloric Acid in 1,000 c.c., there- 
fore 1,000 c*c. will decompose 50 grammes of Carbonate 
of Lime (CaC0 8 ), therefore 20 c.c. Hydrochloric* Acid will 
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decompose 1 .gramme Carbonate of Lime (CaCO#). 
Thus 

^Example:— 1 gramme of cement raw material mixture, 
treated with 25 e.c.*of Normal Hydrochloric Acid (HC1) 
and boiled, on titration takes "19.6 c.c.„of Semi-Nornjal 
Sodium Hydrate (NaHO) to neutralise! ‘ . . 

As 1 c.c. a|id requires 2 c.c. alkali then 19.G c.c. divided 
by 2 equals 9.8 as the amount of acid neutralised by the 
alkali. 

Then 9.8 c.c. subtracted from 25 V.c. (the amount of 
acid taltefi) leaves 15.2 c.c. which have been used up b> 
the Carbonate of Lime. 

Now : — 

20 c.c. arid = 1 of Carbonate of Lime 
15.2 c.c. „ = .70 

Tn 1 gramme of mixture there is .70 „ „ 

„ 100 grammes ,, „ 70.0 „ „ 

= 70.0% 0ftC0 3 

or the equation is as follows : — 

. . . e.c. of alkali 

Acid - - ^ X 5 — % of (aC0 3 

In a- well-appointed establishment, if the raw materials 
are found to vary in analysis, the testing takes place as 
the materials are quarried, and the proportions are again 
corrected before the mixture is passed for the succeeding 
process of calcination — a stage, again, entirely dependent 
upon the accurate performance of these chemical tests, and 
upon a due afjn^ciation of the meaning and value of tlieii 
results. * 


Analysis of Raw Materials. 

When a mixture of the raw material has been prepared 
for the manufacture of Portland cement the method of 
analysis is as follows : — 

Loss on Ignition. — Heat 1 gramme of the mixture 
in a platinum crucible, firs£ gently over a bun sen flame, 
then strongly over a blast lamp. Cool in desiccator and 
weigh. # The difference in weight is the lcjps on ignition 
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in organic matter, carbonic a\:id gas, and any combined 
water. 

Insoluble in Hydrochloric Acid (10 per cent.). — -Now 
break lip the ignited material in the chiciblfi with a smooth 
glass rod. Transfer to a beaker and digest with a 1(5' per 
cent, solution 6f hydrochloric Acid. * 

Filter off insoluble material, and wash r/ell with hot 
water; ignite and weigh. 

Silioa (SiOj) &nd Chief Bases : — The insoluble 
residue from ,the above is then mixed tliorou,gliiy with 



Chemical Balvnck.,., 


three to four times the quantity of double carbonates 
(Sodium and Potassium Carbonates — Fusion Mixture). 
Heat the crucible gently at first over a bunsen flame, 
gradually increasing the flame, then to a quiet fusion over 
a blast lanip ; 

This fusion decomposes the insoluble silicates. 

Allow the crucible to cool to dull redness, then place it 
upright in cold water to induce r^id cooling and cause the 
mass to leave the sides of the crucible. Place the crucible 
and contents^ a*beaker with 50 to 100 c.c. of warm water, 
cover with a. clock glass, and digest for a few minutes. 
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Now slowly h< 1(I strong Hydrochloric Acid (HC1) drop by 
drop till the solution is acid, and digest until all the con- 
tents are' dissolved. Pick out the crucible, clean with a 
rubber-tipped rod and wash well. Now pour the contents 
of the beaker into an, evaporating dish, and mix together 
with the filtrate from the insoluble in* Hydrochloric acid 
(above). ThAi place on a hot plate and evaporate to jjiry- 
ness, but care* must be taken against loss from spurting. 
If desired or necessary the analysis of the soluble and in- 
soluble iu hydrochloric acid may he carried out separately. 

When dry, hake the contents for ten to fifteen minutes 
at a good beat to make the silica (Si0 2 ) insoluble. Fool, 
add 50 c.c. Hydrochloric Acid (1 to 1 of water) and digest 



lor a short lima, then add about 50 c.c. warm water; boil 
and filter off the silica. As some silica generally remains 
soluble where there ifc a. large body of salts from an alkaline 
fusion, it is best to again evaporate the filtrate to dryness 
and dissolve up as before, filtering the solution through 
the same filter paper. Wash the precipitate well with 
warm water to free it from Alkali (’blondes. The moist 
precipitate and filter paper are placed in a platinum 
crucible, ignited gently to burn off the carbon, then 
strongly over a blast lamp. Tool in a desiccator and w T eigh 
as Silica (SiOa). 

Oxide of Iron and Alumina (Fe*O s , A1*0#).— To 
the filtrate from the Silica add a few dxops,Nitric Acid 
(HN0 3 ) n and boil; now add slowly a slight excess of 

F 
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ammonia and boil till the liquid has only, a faint smell of 
ammonia. Filter off the precipitate and wash once with 
hot water, wash the precipitate back into the beaker and 
dissolve in Hydrochloric Acid (1 to ) of wgLter) and re-pre- 
cipitate with ammonia, bpil as before and filter off the 
precipitate, allowing the filtrate to run into the one from 
the 'first* precipitation ; then wash well with warm water. 
The moist precipitate and filter paper are tnen transferred 
to a Platinum Crucible, ignited gently first, then with 



Ignition of Phbcihtatk in Piatinumi Oicium*:. 

r. 

full flame of blast lamp. Cool and w ugh as Ferric Oxide 
(FesOaJ and Alumina (AWL). 

Separation of Iron and Alumina (A) and (B). — A. 
The precipitate after weighing is fused up with a little 
sodium carbonate (NagCOg), the mass dissolved in a little 
hydrochloric acid, a strong solution of caustic potash 
(KHO) added and the solution boiled for five minutes. 
I)ilute the solution slightly and filter off the iron precipi- 
tate and wash well. (The filtrate (X) is laid aside and 
used for the determination (51 the alumina.) 

. The iron precipitate is dissolved in hydrochloric acid 
(HC1) and fe-precipitated with ammonia, foiled, filtered, 
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well washed, ignited and weighed as ferric oxide (FeaO s )/ 
To the filtrate (X) add hydrochloric acid, till the solution- 
jfist sho\vs an acid reaction with litmus paper. Add a 
slight excess of ammonia, and boil until the liquid has 
only a faint smell of ^nnrnonia* Filter off the precipitate, 
wash well with hot water, ignite gefifly at first, then 
strongly in blast lamp ; cool and weigh as alumina ‘(A^Os). 

B. Instead of burning and weighing the combined pre- 
cipitate, the. precipitate is washed back into a beaker and 
boiled direct with caustic potash (KRB)) for the separation 
*of the # aUimi»a, thg method being exactly as for A. 



Boiling Solution kui Piikci citation. 

• 

Lime (CaO). — To the combined filtrates from the two 
precipitations of the iron and alumina, add a few drops of 
ammonia and bring to boiling, then add about 25 c.c. of 
a saturated solution of ammonium oxalate, stir well, and 
boil for one minute. Allow the precipitate to settle, then 
decant as much of the clear solution as possible through a 
filter paper, keeping the precipitate in the beaker. Now 
dissolve the precipitate in dilute hydrochloric acid and boil, 
re-precipitate with ammonia and a little ammonium oxalate. 
Allow the precipitate to settle and filter through the same 
filter paper, allowing the filtrate to mix with^the first one ; 
wash the precipitate with a little warm water, replace tne 
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beaker under the filter funnel for the remainder of wash 
water which is ignored. (The filtrate from first and 
second precipitation together with the first wash water, is 
kept for the magnesia determination). The precipitate 
is all washed into the filter paper and. allowed to drain, the 
noist precipitate 'and filter paper is transferred to a 
platinum ‘crucible, ignited 1 gently till all the carbon is 
burned off, then strongly ignited in the blast lamp till the 
weight is constant. The calcium oxalate is reduced on 
heating to lime (TaO 4 ? and is weighed as such. 



Fimkui.vu off \ I'ltbcirmkTK. * 


Magnesia (MgO). — The filtrates from the lime are 
cooled down, and an excess of ammonium phosphate solu- 
tion is added and stirred briskly. Then about 10 c.c. 
strong ammonia, is added, the solution is again stirred 
briskly and allowed to stand overnight. 

The precipitate is then filtered off, and washed with cold 
dilute ammonia water. The moist precipitate is then 
ignited, first gently, afterwards in the blast lamp, and 
weighed as magnesium pyro-phosphate. 

To calculate the magnesia, multiply weight found by 
.30*24 which equals MgO. 
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Sulphuric Anhydride (S0 3 ). — Two grammes of the 
law material are boiled with hydrochloric acid (1 to 2 of. 
water) and filtered. The filtrate is raised to boiling and a. 
10 per cent. soJution,of barium chloride is added, and the 
whole boiled for a few minutes.^ The precipitate of barium 
sulphate (BaSOJ is* allowed to settle* Jor two houfs, 
filtered, well washed with warm water, • ignited* and 
weighed. calculate as follows : — Barium sulphate 
(BaSOi ) found, divided by. two, multiplied by .3483 
gives sulphuric anhydride (S ()J), 

The Alkalies sifdium and potassium ait not ordinarily 
determined. 


An analysis of chalk is conducted as follows : — 

• 

Silica and Insoluble. — Weigh out one gramme of 
finely ground dry chalk into an evaporating dish, add about 
30 c.e. water and cover with a clock glass, then slowly 
add about. 10 c.e. concentrated hydrochloric acid (HOI). 
W hen all effervescence has ceased, wash the clock glass 
into the dish, place the dish on a. hot plate and evaporate 
the contents to dryness. Bake for 15-20 minutes to drive 
off completely the hydrochloric acid and make the silica 
insoluble. Oool the dish, add about 25 c.c. hydrochloric 
acid (I to 1 of water), and digest on hot plate or sand bath 
for a few minutes, add about 50 c.c. warm water and boil, 
filter, wash the precipitate in filter paper well with warm 
water, ipnjte Strongly on blast lamp, and weigh as silica 
(SiOi) and insoluble If necessary to estimate the silica, 
fuse up the silica and insoluble with 8-10 times the 
(pinntity of double carbonates and proceed with analysis 
as in cement mixture. 

Ferric Oxide (Fe 2 () 3 ) and Alumina (A1 2 0 8 ).- 

To the filtrate add ammonia in excess, boil till solution 
only smells faintly of ammonia, allow precipitate to settle 
and filter off, washing once with hot water, dissolve the 
precipitate in dilute hydrochloric acid and re-precipitate 
with ammonia, boiling as •before. Filter, wash well; 
allowing the filtrates from both precipitations to mix. 
ignite strongly and weigh as ferric oxide and alumina. 
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If necessary to separate the iron and alumina, follow 
• method given m analysis of cement mixture. 

Lime (CaO).-— To the combined filtrates a<td a few 
drops ol ammonia and raise to boiling, then add about 

" ' C i •f t f er » ate<1 sol,ttlon of ammonium oxalate; stir 
wed and boil 'tor one minute. Allow the precipitate to 
settle, then decant the clear liquid through 1 l. filter paix-r 
keeping the precipitate in (he beaker. Now wash the 
precipitate m the beaker with warm water and filter off. 



Hot I’latk on Sum IUth fob KvavoUation. 


washing with warm water into the filler /inner, 
dram ignite gently first, then in the blast lamp 
weight is constant, weighing as lime (CaO). 


Allow to 
until tin* 


Magnesia (MgO).— To the filtrate from the lime add 
w X i? 8 i/° f solution of ammonium phosphate, stir 

ab ° u * lOc.c. strong ammonia, stir again 
<md allow 1o stand over night. Filter off the tw ' 

was,, well with dilute ammmiia water. tguitesCXami 

r;Sv n , 8 ousir RUU1 ' p>mpl,o * i>i,ate 

The alkalies are not usually determined. 
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■ An analysis of clay is conducted as follows : — 
(irind up the sample of clay very finely and dry in an oven . 
aW I()0°-1'10 0 C. Weigh out one gramme into a platinum 
crucible and nyx well with 8 to 10 times the quantity 
of double carbonates (sodium t< and potassium, NaaCOs, 
KoC0 3 , fusion mixture). 

Heat gentll at first over a Jhinson name*, then* ignite 
over blast lamp to quiet fusion. Allow the crucible toYool 
below redness, then place upright in cold water to induce 
rapid cooling and cause the melt to •leave the crucible. 
Now pfeiee the crucible in a beaker with about 10 c.c. hot 
water and digest for a few minutes, (over flu* beaker 
w r ith a- watch glass and make the solution acid by adding 
slowly strong hydrochloric acid, digest, till all the melt is 
dissolved, pick out the crucible and thoroughly wash. 

Four the contents of the beaker into an evaporating dish 
and evaporate to dryness and hake for 20 minutes. Cool 
the dish and add about tt() c.c. hydrochloric, acid (1-2 of 
water) and digest on the hot plate for a few minutes. Add 
about .70 c.c. warm water, boil and filter oft' flu* silica. 
Transfer the filtrate to the evaporating dish and again 
evaporate to dryness, hake as before, then dissolve up in 
tht' same manner, and filter through the same filter paper. 

Owing to the large* body of salts, it js extremely difficult 
to get tin* silica baked, so two evaporations an* necessary 
to get all the silica, out of the solution. Well wasli the 
precipitate, ignite* strongly, and weigh as silica. 

Ferric Oxigefend Alumina. —Add excess of ammonia 
to the filtrate from silica to precipitate the iron and 
alumina. Boil off file excess of ammonia, filter and wash 
once with warm water, dissolve the precipitate in hydro- 
chloric acid and re- precipitate with ammonia, in same 
manner. 

Boil to free file solution from excess of ammonia, 
filter, wash well with hot water, ignite and weigh as 
ferric oxide and alumina. 

Tf necessary to separate the ferric oxide and alumina, • 
follow the method given under the raw material mixture 
analysis. 

Lime. — To the mixed filtrates from the two precipita- 
tions of iron .and alumina, add a- few dropA of ammonia 
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and boil, then add about ‘25. c.c. saturated solution of 
ammonium oxalate, stir and boil for one minute. Allow 
the precipitate to settle, and filter ofl‘ the clear, solution, 
keeping the precipitate in the beaker; now dissolve the 
precipitate in hydrochloric acid and re-precipitate as above 
with ammonia ami a little ammonitfm oxalate, boil, allow 
to settle, and filter through same filter paper. Wash well 
with warm water, allow to drain, ignite strongly and weigh 
as (CaO) lime. The precipitate is ignited in the blast lamp 
until the weight is constant. 

Magnesia.- To tlie mixed filtrates from the lime pre- 
cipitations add excess of ammonium phosphate and stir 
well, then add about 10 c.c. strong ammonia and again 
stir, allow to stand over night. Kilter the precipitate, wash 
well with dilute ammonia water, ignite strongly and weigh 
?s magnesium pyrophosphate (Mg2P*>0 7 ). Calculate as 
previously. 

The alkalies are not usual lv determined. 

For the estimation of sulphuric anhydride, proceed 
as in tlie analysis of the mixed raw materials. 





Burning or Calcining* 

OH AIT K ft VII. 

The stage in the manufacture of Portland cement which 
follow 7 f# the scientific and mechanical preparation of the 
raw materials is tfiat of calcining or burning the raw 
product at a high temperature to a- point of slight vitri- 
faction, resulting in what is usually called a cement 
” clinker.” 

As will be seen from the foregoing chapters, Portland 
cement consists of a- chemical combination of chalk (car- 
bonate of lime) and clay (silica, alumina, &c.) which are 
fused together under the action of great heat, resulting in 
a clinker which when ground to an impalpable ]>owder 
is ready for the market as Portland cement. 

Tn the raw materials it will be observed that the car- 
bonate of lime, silica and alumina are in a, chemically 
uncombined state ; in the conversion of the prepared raw 
materials into cement clinker by burning, the silica and 
alumina of the clay immediately enter into combination 
with the lime, forming calcium silicates and alumina-tes. 

These compounds are the important constituents of 
Portland (jpinAit , and give to it, when combined in their 
proper proport ions, # its hydraulic properties. None of the 
cements of commerce, however, is made up wholly of 
these three ingredients, for the raw materials from which 
cement is made are never quite pure. It has been con- 
tended, for instance, that iron oxide behaved, in burning 
a. mixture, the same as alumina, and that a good cement 
could he made in which all the alumina was replaced h\ 
iron oxide. 

The calcining process is a purely chemical one, and a 
great responsibility is invoked in the proper burning of 
the. raw materials; for just as the primary blending of the 
chalk and clay can make or mar the quality of the cement, 
( 89 ) 
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so may the burning of the Material destroy all that is 
valuable in the finished product. If the temperature is 
too high in the kiln the resultant material is impaired frs 
a cement ; on the other hand, if the keat be not sufficient, 
the necessary chemical changes do pot take place, aiid a 
similarly- unsatisfactory result is obtained. 

The ’proper degree of burning is indicate^ In the for- 
mation of a dense greenish-black clinker. Light-burned 
clinker is brown in colony. anil comparatively soft, while 
over-burned clinks* is fused and slag-like. Long-con- 
tinued burning, excess of day, or iipperfecl riiw*mixing 
causes the clinker to “ dust ” or full to powder on cooling, 
and this powder shows little or no hydraulic properties. 
This defect is much more common in vertical or inter- 
mittent kilns than with Notary kilns, as the quick burning 
and rapid cooling by the latter process is most beneficial 
to the clinker. 

Little information is published concerning the critical 
temperature in the process of calcination, chiefly owing 
to the difficulties of obtaining accurate records in practice. 
Laboratory experiments have, however, been made from 
time to time, and these tests show that the temperature 
obtained in the kiln for producing normal Portland cement 
(75 to 70 per cent. CaCOsJ is close to 1,100° 0., or 
‘2,552° 1<\ A reduction of II per cent, in carbonate of lime 
has reduced the calcining temperature some 50° C., or to 
2,1 ( >2° 1<\, but these temperatures are only approximate. 

It is generally considered, however, that for the heat 
usually required to bring the raw materials to the point 
of incipient fusion a temperature of some 2,500°' F. must 
be maintained in the kiln. * 

This temperature is variable, according to the analyses 
of the raw materials and particularly the percentage 
of carbonate of lime contained in them; and, again, 
it has been further shown by experts that with cement 
of normal comjxjsition the finer the grinding of the 
raw mixture, and the more thorough the burning, the 
more complete the diffusion, and the less tendency there 
will be towards a tension in the solid solution. As an 
illustration of this, it will be^nown that clinker prepared 
from raw materials of ordinary fineness will sometimes 
set rapidly when first ground into cement. # If the same 
raw mixture is ground to a much finer pojvder and burned 
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in the laboratory, a clinks is obtained which yields a 
cement that does not set in less than one hour after being 
made. At the same time, such very tine raw materials 
can be burned at a temperature more than *200° F. below 
that •required for the, coarser industrial piixture, and if 
burned at the usual high temperature \Vrv» finely ground 
raw material s # f use quite readily. This leads to* the con- 
clusion that a proper balance between fineness of grind- 
ing and fuel expenditure must J>o arri\ed at in order to 
effect the greatest economy. ’ 

In tilt* district wlieje fuel is cheap, a coarser raw mixture 
may be burned than would he the case where fuel is dear, 
and in the latter case it would be cheapm* to go to a greatci 
expense for finer grinding. On this basis we arrive at the 
theoretical conclusion that if a very finely ground mixture 
were submitted to a very low temperature, say 500° F,, 
below that usually employed, for a sufficiently long time, 
the result would he as satisfactory a clinker as that now 
produced. Id is probable, for instance, that with the dome 
kiln hereinafter explained the greater length of time of 
burning which is necessary is duo to the fact that diffusion 
goes on much more slowly than in the rotary kiln, and at 
a lower temperature. It also explains why that portion 
of the clinker which lias not attained so high a tempera- 
ture as that in the hottest part, of the kiln sometime* 
dusts. Diffusion has not been complete in this instance 
and the solid solutions are not in equilibrium. 

It follows, therefore (1) that the higher the percentage 
of lime tjhe higher the temperature which is necessary to 
complete" diffusion in combination with silica, and the 
greater the necessity for a large surface area, of contact; 
and (2) the finer the grinding of the raw mixture the 
higher the percentage of lime which can he carried. 

Tt is thus apparent that a propel* chemical composition 
in the raw materials alone is no guarantee whatever that 
the cement will he a satisfactory one, as in such a case 
the materials of which it is composed may not have 
attained thorough diffusion, and, consequently, not be in 
equilibrium. 

ft is very necessary, therefore, that keen attention 
should be given to the proper calcination of the raw 
material*, a process requiring considerable experience and 
care. 



1)2 BURNING OR CALCINING 

Unfortunately, the burning- of cement up to the present 
lias not been a scientific process, and too much attention 
and study cannot now be given to this hitherto imperfect 
stage in the manufacture. It is true that 4 with the advent 
of the Jlotary Kiln i nanyi.f abilities t have been afforded for 
investigation in this direction , and there is little doubt that 
much scientific knowledge and practical improvement will 
result from the growing uses of this new departure in 
burning operations. 

The Kilns for burning the raw materials are always 
constructed for either an “ intermittent ” ‘or “ eon- 
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tinuous ” process, among the former being the original 
Dome or “ Bottle ” Kilns, now obsolete, and the chamber 
type of Kilns; while the latter comprise the Dietzsch, 
Doff man, Aalborg, Stein, and Schneider or Shaft Kilns, 
and, lastly, the more modern kiln now generally adopted — 
the Rotary Kiln. 

Intermittent kilns are of such a design that the burn- 
ing necessitates a distinct loading and drawing operation, 
giving intermittent working and demanding the shutting 
down of the kiln during the operation of drawing the 
clinker. The loading, burning, cooling and jlrawkig 0 f the 
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intermittent kily occupies spine five to six days. In the 
continuous kilns the burning of the raw material is con- 
tiguous, the “ loading ” of the kiln and the “ drawing ” 
of the clinker taking. place iit the same time, while the 
burning proceeds without, interruption, thus making a con- 
tinuous process. Continuous kilns ary generally more 
costly to construct and require more skilled labour for their 
operation. These kilns are, however, economical in fuel, 
and where they are used tjie calcining process is much 
more regular and the cemenl genernllftof better quality. 



The intermittent Bottle kiln was built, in brickwork, 
vertically oval shaped, firebrick lined, having loading 
“ eyes ” near the top of the kiln. It was originally the 
only type employed in the industry, but is not now in use. 
Coke was used as fuel, and the consumption amounted to 
about 45 per cent, of the weight of the eJ inker produced. 
The method of working the kiln is similar to that of the 
Chamber types, which are still used in this country to n 
small extent. 

The first step in loading is the careful arrangement of 
the coke* upon, the faggots which are placed dh the bars of 
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the kiln and are used to start, the fire. The kiln is then 
loaded up with alternate layers of raw material and coke, 
until filled. As the loading of the kiln proceeds, the 
attendant burners arrange that the layers of fuel and raw 
material shall gradually decrease somewhat in thickness 
towards the toj>. By tliisTmeans the requisite heat is dis- 
tributed more regularly oyer the kiln when it is fired. 

In the conversion of the mixture of carbonate of lime 
and clay into cement clinker the following changes take 




place. When the coke becomes ignited by the firing of the 
faggots moisture from the raw material is expelled. With 
the subsequent red heat the carbonic acid gas is given off, 
and the final stage in the burning is approached when the 
temperature is increased to almost a white heat of 2,000° 
to 2,500° Ftthr., causing the material to change into a 
state of slight vitrif action. Layer after layer of the blocks 
of raw material are thus calcined into what is then termed 
cement “clinker.” With the intermittent ” kilns 
above mentioned, this process goes on nntij the whole of 
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the foments of the kiln are burned through and the clinker 
cooled down. \Vhen cool the unloading of the kiln takes 
place. 

The Dome or little kiln, here illustrated, is of the 
simplest type of construction . The chamber is usually 
egg shaped, and as explained* the lumps* of raw material 
and coke are passed into the kiln in alternate layers f the 
(estimation of* the proper amount of the latter requiring 
much experience since the fraught in the kiln varies with 
the weather, and thus this method qf Jburniug is more or 
less at# the mercy of the winds. Hence the amount of 
over-burned and urftler-burncd clinker is Ifkoly to bo ex- 
cessive and the output small. The cogt of labour and fuel 
in working these kilns is high, and therefore the kiln has 
become obsolete. 

The Chamber kilns when introduced were undoubtedly 
;t great advance on the previous system of burning for wet 
process manufacture, and these kilns are still used to a 
Mnall extent in the wet process in this country with coke 
as fuel; this type of kiln is also here illustrated. The 
main economy in the ease of the Chamber kiln is effected 
by the hot gases passing from the kiln over the wet slurry 
which has been previously pumped from the mixing plant 
into a chamber which is practically the flue of the kiln, the 
kiln proper being at one end of this chamber and the 
chimney stack at the other. 

The Chamber kilns arc intermittent and have a- com- 
paratively small f output, and require considerable labour 
and hea^y qiuftitities of coke. 

There is" also some skill required in the management of 
the chamber kiln. If the* “slip '' when put into the kiln 
is not reasonably dry, the moisture which is driven otT 
frequently condenses on the surface of the slurry in the 
chamber, adding to that already in the slurry. This 
water has, therefore, to he got rid of before the drying of 
thv slurry commences. Then there is the additional 
danger of the slip falling away to dust in the kiln and 
more or less blocking the draught. Again, if the propor- 
tion of water in the slurry is not kept down as low as 
possible, the heat in the waste gases from the kiln is in- 
sufficient for drying, and extra fuel has to be added to the 
kiln. 
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Very often is it the experience oil cement works that 
too little care is given to the question of tlie proportion of 
water in the slurry, and as this is a material factor in the 
process of manufacture attention should be given to this 
point. 

It is fairly Wytain, liowever, although not usually 
realised, that. 'it is advantageous with these kilns to carry 
away the resulting gases and steam, without* passing them 
over the slurry until the kiln “ drops,” as it is usually 
called, or, in otlie** words, until the fire breaks its wav 
through the material in the kiln and the contents consoli- 
date. Only then when the hot gases lire fairly (In should 
they he allowed to (ravel over the slurry, and with enough 
draught merely to prevent the fire from being smothered. 
By this means, the gases are kept hack, so to speak, and 
held down to the slurry, which then dries ven rapidls. 
if this is done, two feet of slurry in the drying eliamher 
can he dried in twenty to thirty hours. 

Given ordinary attention the resultant clinker from the 
Chamber kiln is generally of first-class quality, and a 
thoroughly good cement is manufactured hy this process 
of burning, providing only. good quality clinker is chosen 
for grinding. 

The Batchelor type of chamber kiln is constructed on 
somewhat similar lines to the Chamber kiln, with this 
difference, that instead of the single chamber, as described 
in the paragraph above referring to the Chamber kiln, a 
series of slurry-drving chambers are arranged. 

At the back of the burning portion ol‘- t^c kilns two or 
three arched chambers are arranged one above t.ie other. 
The hot gases from the kilns circulate through llu* 
chambers and are finally discharged into a chimney at the 
rear end of the kiln, one powerful shaft serving for a block 
or group of kilns. This kiln may be lighted as soon as 
charged and the process of covering the floors with slurry 
mav proceed during the early stages of burning. 

With this kiln, the arrangement described for the work- 
ing of the Chamber kiln is, liowever, not so easily adapted, 
as the gases have to be drawn down to the second level. 
Tn some cases the chamber is on one level, but divided 
into two compartments by a longitudinal wall. The two 
chambers are so arranged with dampers that either or both 
can be connected to the kiln and chimney. The Batchelor 



97 


BURNING OR CALCINING 

kiln is used in .the wet prat-ess of manufacture in this 
country, but again it is costly in labour and fuel (coke) 
although giving good results. 

\\ ith the continuous kilns now used in Great Britain 

mdSst of wJiicli are 4 nen tinned heretofore — the heat is 
kept up by the regular feeding 0 f the eflal,*or coke, used 
lor fuel together with the raw •material. Tlic principal 
di Here nee hetweeji what may be described. as the old in- 
termittent method of burning, and the continuous 
kilns here nientioned is, that, iflflend of burning 
the kilTi eight out* cooling, and drawing it empty 
each time, the burning of the kiln rarely ceases 
(except for repairs), thus shorting considerable 
economy, since the heat is constant, and the cold air in 
travelling up through the burnt clinker, which it cools at 
the bottom of the kiln, is at the same time itself heated on. 
its wav to the firing zone. After leaving the fire zone in the 
ion not 1 heated gases, the outgoing stir parts with the greater 
portion of its heat in (hying the raw material that is travel- 
ling dow nwards (towards the fire zone), and through which 
the hot air passes, now comparatively cool, on its way to 
the chimney. 

The economy of a continuous kiln is proved by the low 
temperature of the gases when they reach the chimney , the 
reduction being so great that although the temperature 
must have been some 2,500° Tain*, at the fire zone of the 
kiln, the heat of the gases leaving it is only sufficient to 
evaporate the nujisture. There is no doubt that a con- 
siderable pavin'* m fuel (some 50 per cont.i is effected by 
the adopting of certain “ continuous ” types of kilns, for 
the constant cooling and heating of the dome kiln, the 
chamber, and other kilns previously mentioned (the in- 
terval occurring between the unloading and loading) is so 
much heat, and consequently so much fuel, wasted. 

T1 ie Dietzsch kiln, now rarely employed in England, 
is one of the examples of the second type, or continuous 
kiln. The dried slurry or raw material shaped into blocks 
in the form of bricks is introduced at the base of the stack, 
into what may be called th^ beating chamber. Below 
this there is a right angle flue with a short horizontal 
section, from which the hot slurry is raked, so as to fall 
into the fnirning chamber which is fed with coal by hand 
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labour. The clinker in the lower part of the kiln is cooled 
by the air entering through the gates below, while the 
dried slurry in the upper chamber is heated by the ga,ses 
escaping from the burning zone. At intervals a portion 
of the clinker, partially cooled, is removed at the bottom 
of the kiln. 11 lw causes a general settlement in the kiln 
and leaves a space at tlie-top of the burning chamber, into 



which the dried slurry from above is raked, and more fuel 
added, and so the process of burning continues. This kiln 
takes small or “ pea nuts ” size coal for fuel and is more 
economical than the intermittent types, using only some 
25 per cent, of coal for the weight of clinker produced. 

The working of the Dietzsch Kiln, illustrated on this 
page, may be described as follows : — 

The rawjnaterial blocks are loaded on the floor level A, 
into the opening B, and the chimney 0 is thus always full. 
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On the working, floor D, the blocks are drawn by the kiln 
burners over from the stage E by long shovels, and dropped 
ink) the fire zone F, and after each layer of raw material 
is placed in position# it is covered with a layer of good 
quality nutty coal, an<J the loading door G is closed. The 
burned material then passes down to the bottom of .the 
kiln, and the clinker is drawn at H. The operations of 
loading and drawing the kiln proceed simultaneously. 

The Hoffman Kiln lias not met \\itli much success in 
this country owing to the fact that the wet process of 
manufacture is inert? generally adopted, and the kiln is 
essentially designed for the dry method, in this kiln 
small dust coal only is used, hut with greater economy in 
quantity consumed (some ‘25 per cent.) as compared with 
the fuel consumption of the intermittent kilns previously 
mentioned. • 

The Hoffman ring kiln consists of a series of compart- 
ments built round a large central stack. The chambers 
communicate by means of flues in such a way that the 
smoke and hot gases from one may be passed through other 
chambers before reaching the chimney. The kiln "may be 
either “ up draught ” or “ down draught,” according to 
the direction in which the heat is drawn through the 
chamber. The compartments are charged from the sides, 
and when the moisture has been driven off from the 
material in the chamber first tired, the gases from this 
chamber are passed through the adjacent chambers, which 
• have in the uieftntime been filled with raw material. 
Although # tl«s kiln is economical in fuel if run continuously, 
much labour, entailing heavy costs, is required to charge 
and empty it. 

The Aalborg Kiln is a shaft kiln more commonly em- 
ployed on the Continent, and little, if at all, used in 
England. It consists of an upper heating chamber and a 
central combustion chamber of reduced diameter. The 
constructive details have been carefully arranged and the 
chimney is carried on the outer walls of the kiln, the inner 
walls allowing for the contraction and expansion in work- 
ing the kiln, which thus has little, if any, effect upon the 
life of the kiln body. 

The firing holes are placed at intervals round the kiln. 
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and these slant downwards so as to deliver the coal below 
the elinkering zone. In this kiln cement is successfully 
burnt, so it is stated, with an expenditure of coal in <the 
proportion of about *20 per cent, oh the clinker produced, 
whilst the labour involved is also spiall. * 



Section of “Schneider ” Kiln. 


The Schneider continuous kilns here shown— genera 11 \ 
termed shaft kilns — are worked on somewhat- similar 
lines to the intermittent, kilns, hut the la\ers of raw 
material and fuel are fed into the top of the kiln while at 
the same time the clinker eau he drawn from the bottom. 
The lire zone occupies a position above the middle third of 
the cylindrical building, tkf layers of raw material and 
coke being contained in the upper portion, and the clinker 
in the lo\ve|*. 
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This shaft kiln consists merely of a vertical brick- 
work cylinder some 1G feet in diameter (outside) and 
40*feet in height from the ground floor to the loading floor. 
It is lined with firebrick for the top ‘20 feet, the lower half 
being' lined with blue# bricks t» withstand friction frorp 
t lie 'clinker. 

The inside dimeter is some 0 feet , and a number of kilns 
are usually connected tonne shaft or chimney from which 
the draught is obtained. 

In some cases, howexer, each kiliT emits its gases 
through®** separate chimney some 15 or 20 licet in height. 

The kiln, before being first lighted up, is loaded with 
bricks or stones to about ball-wav up \hc kiln, and then 
preparations for the lire are made by loading faggots on 
the stones. The loading of the coke and raw material 
then proceeds until the kiln is full and the fire is started, 
through spaces purposely left in the arrangements for 
loading. 

When once the kiln is lighted and the raw material 
burns through, the drawing of the “ packing ” commences 
and, simultaneously, further loading of coin* and raw 
material layers proceeds, and the process of burning is 
continuous. 

After about three davs the clinker appears at the bottom 
of the kiln, and the drawing and loading continue about 
(‘very four hours night and day. 

This kiln has attracted some attention in this country, 
and is installed , at several different factories, with 
satisfactory resiTlts. The upper heating section of the kiln 
is fairly capacious, hut the hot zone is relatively small, 
and should not extend over a vertical height of more 
than 5 or G feet. Great care is taken to protect the 
firebricks, and this can be done by the use of a specially- 
contrived filling ring, which enables the burner to surround 
the firebrick lining with raw material, and which provides 
a protective belt of finely broken slurry or raw flour, 
about 2 inches in thickness. In practice, however, the 
ring is brought little into use, as the lining packing can 
proceed without this contrivance. The kiln is both easy 
to work and very economical in fuel , and large numbers of 
this type of shaft kiln have been erected on thg Continent. 

Tlie yield «f clinker may vary from 10 to 12 tons 
per day with natural draught, and the coke required 
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will run from 40 to 60 cwts. for this* quantity. The 
kiln is not an expensive one to build in brickwork, and 
the cost oi repairs is relatively trifling', provided car6 is 
taken with the linings of the kilns in working. The shaft 
kiln is in use iij this country for burning the raw material 
bricks made by V.he dry process, which may be put into 
the kilns oirect from tlite brick machines, and in some 
works which use the wet process such kilns are employed 
for burning surplus dried slurry from chamber or other 
kilns. ' ’ 

More recei*tly on the Continent a, new system 'of burn- 
ing with the shaft kiln lias been adopted, by which coal 
is used as fuel, instead of coke, and it is further claimed 
that a considerable saving of labour is effected, as the 
skilled workmen required in the loading of the original 
, kiln can he dispensed with. By the latter process, the raw 
material is fed into the cylindrical kiln by mechanical 
means, and the alternate layers of coal and raw material 
are loaded and arranged by an apparatus specially designed 
for lowering them on to the working level of the kiln, and 
containing partitions into which the coal is fed. By this 
means blocking is prevented, and an efficient draught is 
thus given to the kiln. The mechanical contrivances used 
for loading the kiln are accompanied by devices for 
mechanically withdrawing the clinker, but this arrange- 
ment has not yet been adopted in British works. 

Another method for working the shaft kiln is that of 
mixing together the raw material and the coal or coke- 
duff used as fuel and mechanically loading the fixture in 
blocks on to the existing fire. The com posit inf i of the coal 
in this case must he of good quality in order to bum quickly 
and cleanly in the dinkcring zone. 

The removal from the kiln of the clinker, which appears 
partly in small blocks and partly in pieces of the size of a 
walnut, is effected by small trucks arranged in front of the 
kiln, or by automatic conveyors. The grinding of the 
resultant clinker is done by the ordinary plant with com- 
parative ease, as the porous state of the product makes it 
easier to grind than is the case with almost any other kiln. 
The saving of power necessary for grinding amounts to 
some 20 per cent. * 

. The faults of the original Schneider kiln .were* the high 
labour cost (though no higher than with the other systems 
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mentioned) and 4he dependence upon coke as fuel. These 
drawbacks are done away with in the newer type of shaft 
kilh, and the advantages of the system, such as cost of 
planU cheaper find, absence of excess labour, increased 
output, of kilns and grinding nifHs, and nyre “ flour " in 
the flnished product, as well ns the possibility of wording 
the. kiln by ha yd in case of machinery stoppages* alf point 
to a prolonged life of this new kiln or, .more strictly 
speaking, new process of burning with the shaft kiln. 

in regard to this arrangement foi* Vorking the shaft 
kiln, it might he staled generally that in lading down the 
plant of new works, or in changing or adopting old plants 
for a new process, the consideration of •first importance is, 
of course, the type of kiln to he selected, since upon the 
perfect reliability of their working and fuel cost depends 
directly tilt 1 economical success of a factors. 

It is natural that every manufacturer should he on the 
look-out for improvements upon the mans systems of kilns 
at present in vogue, as it should he the desire not only to 
simplify the working of existing kilns and to increase the 
output, hut also to effect greater economy in fuel than is 
the practice to-day. 

The old shaft kiln offered great advantages in these 
respects, not only in the smaller original cost of plant, but 
also by a certain amount of control over the burning pro- 
cess, but. it bad these disadvantages, that it necessitated 
tlie use of a dear fuel (coke) and requires for the working 
of it a. comparatively large and well-drilled working staff 
compare^ with*th© more generally employed Rotary Kiln. 

Yet anotTier system of working the shaft kiln has been 
evolved, and this is based uf>on the working of the old 
Schneider kilns, as described, hut yvhieli it improves upon 
in such a way that it retains the former superiority of the 
shaft kiln and removes many of its drawbacks. 

This is called the forced draught Bhaft kiln and 
which lends itself mainly to the dry process of manufac- 
ture. 

The laying down of a forced draught shaft system of 
kilns is considerably cheaper than that of a rotary kiln, 
and every old shaft kiln coulS be, without much expense, 
changed into the new type of kiln, and the working of it 
is so simhle that it may be done by untrained fabour. The 
ground raw material requires pressing into blocks for this 
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kiln, but the press (often a *wire cut brick machine) i& 
arranged so simply that it does not require nearly the 
time, labour or power that ia required for the grinding' of 
the coal for use with the rotary kiln* 4 

There are several designs of \ery simple machines for 
n ixing with w w aW and pressing the dried and ground law 
material iido bricks, which are filled into the kiln with 
alternate lasers of coke, as previously described. 

The new working of the kijn however entails a system 
of working tliese i.'ontinnous shaft kilns under either a 
forced or induced draught. Both methods are t employed 
in this countn , but the forced draught arrangement which 
was introduced into this country by the author in the year 
1900 has up to the present been found preferable. The 
arrangement involves the introduction of forced draught 
into each kiln under a pressure of about A inches W.G. 
at four equidistant points in the periphery of the kiln, all 
well below the firing zone and above the clinker drawing 
eyes, and where the forced draught must not be allowed 
to escape. By a series of four pipes of about JO inches in 
diameter placed in equal spaces and having outlets on the 
inside lining of the kiln — all connected with a blast fan 
arranged in capacities to deal with the number of kilns to 
be treated — the output of the shaft kiln by the new forced 
draught arrangement is increased to double the usual 
amount, namely, up to 150 tons of clinker per week, with 
night and day continuous working, while the fuel con- 
sumption is reduced — was to ‘20 per cent.— and the quality 
of the cement is improved. Somewhat Similar results are 
obtained by a method of induced draught with -shaft kilns, 
in which case a suction fan is employed to draw the gases 
to the top of the kiln. 

The Stein kiln consists of a vertical, parallel tube about 
40 feet in height, made up of a number of concentric cast- 
iron rings, laid one on the other, the inside surface of each 
ring being smooth and the outside being formed so that 
when the rings are placed in position a series of vertical 
gills results which has the effect of keeping the rings cool, 
and preventing them from, burning or melting. The 
bottom of the kiln is fitted with bars in such a way that 
the kiln could be drawn when desired and yet kept suf- 
ficiently open to allow the necessary draught *lo pass. 
Doors are fitted to enable the bottom of the kiln to be made 
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air-tight in order to use forced draught of a pressure equal 
to 4 inches water gauge if desired, in which case the air 
wcgild bo sup] died by a special fan. 

A chimney some foip* feet in diameter and ten feet high 
is fixed to draw away the gases Jrom the. top of the kiln. 

Tilie Stein kiln is nof used in this country, and is als^rff 
little use on a wet process works except ^fiflftr^Fliere 
is plenty of (fry slurry to spare, or where it is dried 
especially for the purpose, bitf, the kiln is very economically 
worked in connection with the dry jawess, burning dry 
or even damp bricks. t 

The clinker is druVn at intervals of from four to six 
boors, and the kiln is loaded in alternate charges of 
ordinary gas-coke and hricks, the usual charge of the latter 
being 20 to 22 cuts, of dry raw’ material. These charges 
are put on by hand from a stage on the loading level 
carried by girders and framing, and measuring about 10 
to Ift feet hv 1 1 feet, the kiln itself being a. little less than 
S feet internal diameter. 

The output from each kiln is from 150 to 170 tons of 
clinker per week of 7 days and nights, and the coke con- 
sumption is approximately 20 to 25 per rent, of clinker 
burned. The labour cost, varies naturally according to the 
proximity and convenience of getting the dry slip to the 
kiln, hut under ordinary conditions as to convenience, the 
cost for working this kiln is considerably less than with 
the older Chamber kilns. 

'All the continuous kilns above-mentioned arc mainly 
applicable to th^ <R’v process, but they can be used for w'et- 
process rftu* materials, and in this case supplementary 
drying arrangements are necessary by which the slurry 
may be dried sufficiently to allow of its being moulded into 
blocks. The amount of fuel required for drying is lower 
than that needed for burning, so that the total amount of 
fuel for both operations — viz., 30 per cent, to 35 per cent, 
calculated on the clinker — is not much smaller than that 
needed for chamber kilns, but a cheaper kind of fuel can 
he used, namely, small coal. In t he dry process, however, 
the continuous kilns are always adopted with advantage. 

The principle of continuous^working is so attractive, on 
account of its economy in fuel and its increase of output 
per kiln, that it has been embodied in various fcther forms 
of kiln. These are, in general, vertical cylindrical shafts 
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not unlike a running lime-kilfi, but usually with a flue or 
chimney at the upper end, and loading doors at the base 
of the chimney. The clinker is drawn at the bottom, 
where there is usually some kind of removable grate. 

Continuous kilns need .omie skil 1 in loading. Thfe hot 
pl«:tic clinker is 'often liable to stick to the walls of the 
kiln, causing the charge to “ hang up,” and this not only 
hinders the proper working of the kiln, but also acts on 
the lining and hastens its destruction. Unless carefully 
worked, these kill! s' are apt to yield a good deal of under- 
burnt clinker which has to he picked out. before the clinker 
is ground. 

The quantity of (-linker produced by the different, classes 
of fixed kiln now described varies considerably with local 
circumstances, but this may be stated in round figures 
-as follows : — Dome, Batchelor, and Chamber kilns, tons 
per week; Dietzsch kiln, 70 tons per week; Schneider 
kiln, 00 tons per week; forced draught shaft kiln and 
Stein kilns, 150 tons per week; and the T1 oilman kiln, 
28 tons per week for each chamber. With all these varie- 
ties of fixed kiln, whether continuous or non-continuous, 
the amount of labour needed for handling the raw material 
and clinker is larger than in the case of the Rotary kiln. 
Further, in whatever class of fixed kiln it is produced 
the clinker is somewhat irregular in quality and often con- 
tains imperfectly burnt material, and unless this is picked 
out with great care, sufficient underburnt material remains 
t.o impair the quality of the finished cement. 
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The Rotary Kiln 
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Tdk Rotary Kiln of to-da\ consists 6>1' a slightly inclined 
cylindrical tube in steel plates some 4-inch thick or even 
up to jf-inch. Its length varies from 100 ft. to 250 ft., 
and in diameter the cylinder measures from 6 ft. 0 in. to 
12 ft., according to the output required from the kiln — 
i.v., a kiln of, say, 200 ft. long having a diameter of 
10 ft. in the burning zone and 8 ft. 0 m. in the remaining 
length; one of 230 ft. length with 10 ft. diameter burning 
zone and ( .) ft. in the remaining length; and a kiln of 
100 ft. having a burning zone of 0 ft. diameter with 8 ft. 
for the remainder. Those kilns have outputs respectively 
of 140, 180 and 110 cwts. per hour. 

These diameter dimensions are exclusive of the usual 
0 inches thickness of firebricks in the burning zone and 

0 inches in the remainder of the kilns 

The long cylinder is inclined to the horizontal about 

1 in 25 or 30 anfl is mounted by four or five sets of tyres 
(according «to length), which run on heavy roller bearings 
and the kiln is slowly rotated by a train of gear wheels at 
a speed of 1 to 2J revolutions per minute. 

At the points of the kiln where the tyres and gearing 
are fitted the tube is re-inforeed by additional plating. 

The cement-making materials are continuously fed into 
the kiln through a pipe at the upper end in the form of 
either slurry or dry powder, according to the process 
adopted in preparing and mixing the raw materials, which 
materials move by gravity from one end of the kiln to the 
other. Slurry lifters are fitted inside the kiln to spread the 
raw materials on entering the kiln and when meeting the 
hot gasei. Finely ground coal is almost always used as 

( 107 ) 
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Fuel, and this i* introduced*into the lower or outlet end of 
tlie kiln by a jet of air issuing from a blast fan. 

•When the kiln is started the fine coal is ignited, and a 
white heat is Qbtaincd in the lower end of the cylinder. 
The*raw material is tljen fed into the kilobaud as it gradu- 
ally descends into the zone of heat generated by the perfect 
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combustion of the finely ground coal fed into the cylinder 
from the opposite end, it parts with any water that may 
be present, becomes heated to redness as it approaches the 
centre of the cylinder, loses its carbonic acid, forms little 
rounded balls which reach a nearly white heat in the lower 
end, and finally issues as well-burned clinker in grains 
about t^e size of a- large pea. The greatest heat is 
naturally near the fuel jet or outlet end of the kiln. 
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The operation of calcining ic a continuous one, and with 
proper care under or over-burning may be avoided. The 
hot clinker from the kiln is cooled in cooling towers or 
rotary cooling drums, but more usutjly in the latter. 

The cooling drums row generally in use are placed 
at the lower egu of the kilns, and receive the hot clinker 
as it drops fcrom the kiln. 

These generally consist of tubes some 40 to 60 feet long 
and 4 to 5 feet in diameter ,$bufe vary in dimensions accord- 
ing to the quantity *>£ clinker to be dealt with. Inside each 
drum are cascading channels for lifting and dropping the 
hot clinker as the coolers rotate, thus presenting the clinker 
to the cold air forced through the cooler by a fan provided 
for the purpose. The coolers rotate at a somewhat higher 
speed than the furnace tube, and by the air for the latter 
being drawn through the red hot clinker a- fair proportion 
of the otherwise lost heat is retained and utilised. When 
the clinker issues from the coolers it is quite cold enough 
to handle and to pass to the further process of grinding 
into powder. 

The Rotary Kilns are not substantially economical in 
fuel, as they require some 28 to 35 lbs. of coal 

to produce 100 lbs. of .clinker, and the greatest 
problem that confronts the. manufacturer is the 

devising of some means for cheaper burning. The 
price of coke, however — the fuel used in the old- 

fashioned kilns to the extent of 8 to 10 cwts. of coke 

to a. ton of cement — has advanced so much that the cost 
of cement production, by the older methods, has much 
increased, and further, the supply of coke is so limited 
and its utility has become so much greater in other direc- 
tions that the Rotary Kiln has an immense advantage in 
being independent of a fuel which has now thus attained 
fictitious prices. 

Tn the matter of labour, the Botary Kiln is decidedly 
economical. The feeding of the kiln with raw material 
and fuel, being automatic, and no labour in “ drawing ” 
the clinker being necessary, a saving is effected in the cost 
of the burning process. Thus, the Botary Kiln marks and, 
indeed, may be said to have* created, a period of distinct 
development in the production of Portland cement. 

All the earlier attempts in this country to constrict satis- 
factory rotary kilns resulted in failure mainly on account 
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of the great difficulty experienced in obtaining a satisfac- 
tory lining foi*the furnace. Ordinary firebricks, being 
highly silicious or acid in character, united with the highh 
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basic clinker to form a fusible slag, and the lining was 
soon destroyed. Magnesia bricks were too expensive, 
whilst some of bauxite, tried jyy the original designers of 
the kiln, proved weak and friable. 

In the early stages of the rotary kiln another difficulty 
arose in the matter of fuel. With producer gas it proved 
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difficult to ol)tiun the requisite temperature in the absence 
of a i ogciuTetor, w hiUt crude oil, though successfully 
used in the States, was much too expensive to be thought- 
of in this cnuniry. Most of the initial, difficulties have, 
howe\er, now been overwme by tyne and experience, and 
ground coal it usually adopted as tlie fuel for this kiln. 

Wheri Parting the rotary kiln it is usual to form a pro- 
tective coating of the clinker itself over the lining of 
ordinary firebricks. To | lii» end the firebrick lining has 
m some cases bofrn first covered with a layer of salt, and 
after raising J lie temperature of thej'urnace to, the clinker- 
mg point, a charge of clinker is admitted. This reacts 
with the salt anil silica of the firebrick, a glass being 
formed which welds the clinker and brick together, and 
the former is then well beaten into place, in this \v:i\ it 
lias been lotmd lhal firebrick lining will h*M for a Near 
though it is necessary to repair the clinker coating from 
time to time while the kiln is running. When the rotan 
kiln is stopped lor any purpose this coating invariably 
falls off upon cooling and the same operation (with or 
without the use of salt) proceeds each time the kiln is re- 
lighted. 

The firebricks used tor lining the rotary kiln should 
be rich in alumina.. \ suitable hloek will contain some 
fit) per cent, of silica and 30 to 35 per cent, of alumina, 
the balance consisting of small quantities of impurities- — 
\i/,., oxide of iron, lime, magnesia, potash and soda. 

Fire blocks approaching this composition can be pro- 
cured from several British firms, and makers of repute are 
generally willing to submit analyses of their goods. 

The practice of providing linings to kilns with unfired 
clay blocks is sometimes indulged in. Fireclays. howe\cr. 
undergo on firing a certain contraction -maybe up to 
one-sixth— the actual contraction varying from clay to 
clay, and uniformity in mixing and burning firebricks is 
essential. It is obviously impossible to burn firebricks 
uniformly if they are fired m situ in the furnace where 
they are to he used and the hot face must contract much 
more than the parts nearer the external shell where the 
materials are cooler. As a'result great- strains must he set 
up in the brick, ami the material does not get a chance to 
do its besY work. 
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In the case more particularly of rotary kiln lining 
wliere a stoppajJ? of the kiln is a serious factor, the fire- 
bricks used in the hotter portions of the cylinder should 
he tested for contraction, so as to make sure that the 
brick* in burning, or^as supplbyl b\ the manufacturers, 
haw had all the contraction taken out «.f tiiein. If not, 
the bricks are liable to contract when > ij use, e;fus*ine them 
to become loos?' and fall out ol their position. 

In cases where trouble arifesfil the hot*end of the kiln 
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with the brick- -palling and bieakin^. it i- arranged that 
a more open textured brick i- u-cd. Close textured brick - 
arc liable to -pi it and spall with abrupt changes of teiu- 
peratuie under eomlit ion- where more open textured hrick- 
with-tand the changes ol temperature sati-factnrih , and 
care should he exercised that the open texture is obtained 
fcy coarser or a greater proportion of what is technically 
termed "roe ” or matrix, and not by the easy firing of 
the brick b\ the immuiacturer.* “Grofr” is the coarse pre 
calcined material that is mixed with the clay in firebrick 
manufactiwe n> prevent exce—ive contraction* on firing. 
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Ju this direction a useful* specification for rotary kiln 
lining blocks is as follows : — 

A test piece, when heated to a temperature of Seger 
cone 10 for two hours, shall ^iot show, when cold, 
more than 1 per <t»nt. contraction or expansion. 

• Aftgr till test temperature has been obtained, the 
furnace shall he maintained at a constant temperature 
throughout the testing period. 

All rotary kilnjjants A at are fired with powdered coal 
must include an apparatus for the drying of cetil to hi 1 
used in tin* manufacture and also grinding plant for Ihe 
sam<* to he finely yul\erised helorc entering the kiln. The 
most common design of coal dryer consists of an in- 
clined steel cylinder encased in hnck work. The hot 
gases from the tires coming first in contact with the 
cylinder at the point where the wet coal is introduced, 
pass along and around the tube on the way to the chimney 
stack, which is located over the discharge end. 

In some cases the hot gases pass to another chimney 
whilst a separate chimney at. the feed end of the rotary 
coal dryer permits the steam from the moist coal to escape 
and gives an outlet for any congregating gases or coal dust. 
In many modern installations, the coal ts dried by hot air 
taken from the clinker cooler instead of by an independent 
furnace. 

From the dryer the coal tails into a conveyor and is 
carried automatically to the ooal grinding mill. This 
mill contains machinery for reducing the slack coal to an 
impalpable flour, and the plant commonly uteu is the hull 
and tube mill or the “ (iriflin ” mill, illustrated elsewhere. 
This latter mill gives an output of some 1J tons per hour 
to a fineness of not more than 1 to 2 per cent, residue on 
a 100 bv 100 mesh sieve. 

From the coal grinding mills the finely pow'dered coal 
is automatically conveyed to the rotary kiln house, where 
it is then elevated and again conveyed to the coal hoppers 
situated in front of each rotary kiln. The small store of 
coal in each hopper is sufficient to last the kiln for a few 
hours, and from this hojvper an automatic feed conveys 
the powdered coal to a |>oint where it is met by the heated 
air blast from tbe coolers and through the fan to the kiln. 
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When reaching the hot zone,of the kiln the powdered coal 
immediately bursts into dame and the intense heat is thus 
kept continuously regular. 

A matter causing some difficulty in the early davs ol 
rotarv kiln cemeftt manufacture was in the fineness of the 
cotfcl dust used forlieating ffte kiln. k\> has been ex- 
plained that this coal dust is blown in a tine ft. ream into 
one end of the kiln by means of a blast, of air, and the 
mixture of air and coal burns, luider ideal conditions, very 
much the same as a mixture off*as uiq} air would do. 

Unfortunately, m the early davs l lie "coal used was far 
t(x> coarse and much # heat was lost, on this tfbcount, to ssi\ 
nothing of the partially burnt coal which found its way 
into the cement and a fleeted its quality. 

When it is remembered that from ‘25 to IH> per cent, of 
fuel is needed to burn cement according to whether the 
dry or wet process is used, it will easily he understood that* 
the question of using the fuel economically is a very im- 
portant one. 

It has been found that b\ using coal which left a residue 
of 15 to 18 per cent, of its weight on a sieve with 75 holes, 
per linear inch, and 40 per cent, residue on a sieve with 
100 holes, not more than 10 per cent, of such fuel would 
be available m the burning, even when working by the 
drv process' — a loss of more than halt the fuel consumed. 

It has been seen further on examination that the coarse 
particles of fuel were difficult to ignite, and after glowing 
brightly for a moment they fell in a halt-burnt condition 
amongst fhe chillier, and added groath to the risk of an 
incomplete!} burnt product, as well as making it less 
pure. The ground coal used for firing should if possible 
not exceed a residue of 15 per cent, on a 1H0 x 180 mesh 
sieve, or even less if the coal contains a- low probation 
of volatile matter. 

There is considerable danger in coal grinding on account 
of the explosive nature of fine coal dust, and caution is 
therefore necessary in preventing an escape of the very fine 
particles of coal. No naked lights must be taken near the 
coal grinding building. It is also on account of this explo- 
sive tendency and the risk of spontaneous combustion that 
the storage of ground coal is avoided as much as possible. 

The length of the rotary kiln and its output at vary- 
ing lengths is a subject now being studied by manu- 
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facturers, but it is, however, generally considered that 
according to present experience the sma'ilest kiln to In* 
used on the \\d process shows more satisfactory working 
with a length of I 'in feet and an external diameter of 4 s 
feet, and i he output I mm a kiln of tins description is about 
so tons prr lit Imiirs. ( )n the dr\ process the smallest size 
iMi;dl\ riuploVed is SO to J00 feel in lengl h and 7 feet 
L inches jm outside diameter with an output, of some ."jo to 
ho lolls pel da\ ol 2 1 hours. 

The capacity of a Rotary ktln is in the main governed 
by its size, but vaVi’ations in the working of kilns, of the 
same dimensions may be caused In a cii (Terence in the raw’ 
materials employed, in the angle* of inclination of the kiln, 
the method of tiring, the quality and fineness of fuel, tin* 
percentage of moisture in the raw material, the skill of ihe 
attendant burners and freedom from stoppages. 

' Some interesting mlormat ion upon the \ariation in the* 
output of Rotary Kilns at different lengths has recently 
been published h\ the Tinted States (leologieal Suney 
Department from statistical data- receded from \ariou< 
cement plants. R\ means of these data which eo\er a 
very wide range of material, practice, and operating con- 
dition-. it ^eems probable that a\erage results of lair 
accuracy can be deduced as to the elfeet of raw material 
and length of kiln on the output-. This has, at am rate, 
been attempted, and flic results are presented in the follow- 
ing table. In explanation of this table it may be said 
that the average annual output of the old fit) ft. Rotary 
kilns, fired with powdered coal and working in a dry 
mixture of limestone and clay, is taken at 100 , per cent . 
The average outputs of similar and longer kifns working 
on various raw materials are then compared with this 
standard, the results being expressed in percentages. 


PrcitCKNTAGE OF VARIATION TN OUTPUT WITH LENGTH 
of Kiln, Raw Matkrtals, etc. 

Length of Kiln 


Haw Matron Is 

60 ft. 

i ©/ 

80 ft. , 

"O' 

o 

; 90 ft. 

o"' 

o 

! no ft. 

~ ' o 

150 ft. 

0 

jl>»w rnrhonatr linirslnw 

126 * 

164 

182 

216 

, 400 

‘Limestone and day 

100 

ir»o 

106 

190 

! 350 

■Olialk and rlaypiet pnuvsst 

."4 

7% 

95 

lO.i 

250 
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As to the an&to of inclination it has been show n 
b\ experience that 1 in :t(> gives tin* host result*. The* 
^roator the incline tly quicker will the food a|)|»roaoh Uio 
outlet end of the kiln, and in *omo rases, swell as with a- 
kily inolined to 1 in 1*, the raw* material ?»;ed lurches for- 
ward to the elinkering zone immediately it u fed to the 
kiln. This necessitates the eontimiod stopping of the kiln 
to » hum tin 4 material hark 9 f nan t In outle’t end and the 
clinker is of variable quality. * , 

In tUe case of a kiln inclined at the lesser angle, the 
Iced to the tiring zotle is regular and continuous, with the 
result that the raw materials are slowly brought into con- 
tact with the hot gases with a consequent increase of output 
and fuel economy and the manufacture, of a more regular 
product. 

The present tendency towards the lengthening of short 
rotary kilns for cement burning to lengths of 150, 200 and 
even 250 feet, is indicative of the desire on the part of 
the cement manufacturer to gain greater fuel economy and 
output, even though the changes require the complete 
abolition of his kiln room, and the construction of prac- 
tically a new cement burning equipment, all at great, 
expense; hut recent experience shows that, the results of 
the 1 1 la Is with the extremely lengthened kilns have not 
been so satisfactory as mav have been anticipated. 

The incorrectness of predictions with regard to the length 
of kilns seems to he due in a large measure to the failure 
to consider a fjirther important factor in rotary cement 
burning, ^tamely, the quality of the calcining flame. 

The rotary cement kiln has to perform two operations 
which are essentially quite distinct chemically and other- 
wise one from the other. In the upper part of the kiln 
efficient calcination should take place, that is, the carbon 
dioxide contained in the chalk or limestone should be well 
driven off in order to fit. the material for the subsequent 
changes which it has to undergo in the elinkering zone. 
Calcining calls for a relatively low temperature as com- 
pared with elinkering, and necessitates a heat which in 
steel furnace practice is tended a “soaking” heat, by 
which is meant a reducing or non-oxidising flame. Tn 
steel furnace practice such a flame is often fleered to pre- 
vent oxidation of the charge. The same result, however, 
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is not obtained in a rotary kiln, since tlfe flame operates 
by its beal alone, and not by chemical action. 

It is apparent therefore that a small volume of intensely 
heated gases, or a larger volume of gfas at u lower tempera- 
ture may be discharged Into the ifiouth of a rotary kiln, 
and effect guile different results. The latter effect is said 
to he produced when a mixture of air and stack gas is used 
for combustion instead pure air. It is maintained 
further that it is only by luF.ing a flame peculiarly described 
as a. “ reducing ”*br “ non-oxidising ” that eulcina.tion can 
he made rapid and thorough. 

With the usual methods of burning cement by employ- 
ing jKAvdered coal and ordinary air, the necessary flame 
is often not properly produced in the region of the kiln 
devoted to calcination. "With longer kilns the difficulty is 
much aggravated, and to this imperfect flame develop- 
ment the failure of the long kiln to fulfil the prophecies 
of its promoters is attributed. Inventors, however, have 
been busy in this field of research, and already certain 
methods have been put to a practical use which permit of 
a betterment of operation. Of these, perhaps the most 
promising is the system of the impinging flame in 
cement burning. 

Some of the advantages to be derived from burning 
cement clinker with a flame having a positive impinging 
action on the material and the economy 1o be gained by 
the use of the impinging flame instead of the axial flame 
for flame substantially parallel to tliA axis of the kiln, 
which does not impinge upon the material and heats the 
latter by radiation solely) have been much discussed in 
America, and in order to better understand the application 
of flames of the character above-mentioned, reference has 
been made to the methods employed in two of the great 
industries of that country, namely, the manufacture of 
steel and glass. 

From deductions made from experience in these in- 
dustries, it is maintained by the advocates of the 
impinging flame that in burning lime and cement, in 
annealing and heating steel, and in many other industrial 
processes involving higher temperature, the methods of 
combustion best suited to each operation require modifica- 
tion. In such processes air contains too much bxygen for 
the kind of flame required. A number of attempts to 
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produce a flame of low teni|ieratiire and large volume ha\e 
l)een made in tin* past, sneli as those using steam as a 
dikient, hut they have proved either impracticable or un- 
economical. lt # has frequently been proposed to return 
part mr all of the gases of eomUqstion to the kiln in order 
to «i\e in some way t T k* heat these gases t^ntain, hut. tin* 
suggestion has not been practically successful *oA account 
of the* great vdlume of the returned gases, and the lack of 
comprehension of their 1 ru<* eflfcet on the lire. 

This principle was substantial 1 \ as.f^llows A flue is 
tapped •into the stack of the kiln high enough to secure 
gases of fairly uniform quality which are led to a fan. At one 
portion of its length then* is an air inlet with an adjustable 
damper at its mouth. The fan has two outlets, one undei 
the grate and the other into the open air. This arrange* 
ment makes it possible to draw air and gases through the # 
fan in any desired proportion b> adjusting the air inlet 
valve. Hy controlling the damper of the free discharge 
opening and changing the speed of the fan, the pressure 
and uilume of the blast, under the. grate can be modified 
through a wide range. When the apparatus is properly 
adjusted the eombined effect of the blast and the diluent 
is to evolve the heat of the fuel where, it is most needed, 
instead of at the portion of the kiln where it occurs under 
natural conditions. The temperature of the furnace is 
thus lowered and that of the charge is more uniformly 
distributed than with the pure air draught. As a result of 
this arrangement, it has been claimed that the output of an 
ordinary kiln i^nfised, while the amount of fuel is reduced 
and the (futility of the cement is unchanged. 

While the rotary kiln is acknowledged to he wasteful 
in fuel, this defect is more than counterbalanced by its 
large* output under skilful supervision. 

The powdered coal blown into the kiln burns with 
an intense heat, and if the flame deflects much from an 
axial line, there is a tendency for the material to form 
rings and even for the lining to deteriorate very rapidly 
Consequently the region of maximum heat is along the 
centre line of kiln, and not direct on the material at the 
clinkering zone. 

With an impinging flame it becomes possible to produce 
such a temperature that the flame can be directed irri- 
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mediately on the material which will h%ve its maximum 
temperature in the clinkering zone. 

With the modern Rotary Kiln now generally brought 
into use in the manufacture of cement, .the industry lias 
been revolutionised and i$s method^ are at present perhaps 
the most scientific and practically efficient that have been 
introduced «m the manufacture since Portland cement was 
first known. This kiln is, of course, now’in general use 
in this and every other country, and it may be said that 
the Rotary Kiln js the only invention of importance in 
the man ufaet ure since the introduction of the hall and 
tube mills for grinding. It may be expected, therefore, 
that a decade at. least will elapse before any further 
development will arise of such an equally important 
character. That such improvements will occur, however, 
is quite possible and indeed probable, for even with the 
use of the Rotary Kiln the manufacture of Portland cement 
is a tedious, technical and expensive process involving 
heavy capital outlay, high co.it of production and con- 
tinuous upkeep, and with the present kilns there is cer- 
tainly an immediate demand for fuel economy, to say 
nothing of minor improvements which will no douht 
he introduced from time to time as experience provides 
the necessity and time gives the op|Mirhmity. 

More than ninety' per cent, of the cement manufactured 
in the States is produced by the Rotary Kiln, and in Kng- 
land there are many works — if not the hulk of them — in 
which this Kiln is solely adopted. Its use in all, directions 
is also increasing, and many obsolete laatories, not only 
in this country hut in many parts of the Continent, are 
now installing the Rotary Kiln for cement burning and 
most new works adopt this process of burning. 

Although quite a. comparatively new method of cement 
manufacture, enough has been seen of rotary cement, both 
in science and practice, to declare it to be the product of 
the future. 

To advocate the use of Rotary cement is unnecessary, 
since all that science can bring to prove its quality, and 
all that practice can offer to show its superiority so effec- 
tually establishes its claim for preference that we may 
say without fear of contradiction, Rotary cement now leads 
the way. « y 

The product from the Rotary Kiln lias a distinct ad- 
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vantage in quality botii for [ugh tensile strength with age 
and absolute freedom from all expansion and contraction 
tendencies. This improvement is only to he expected, 
ho\ve\ei\ tor apart from its economy in working, the great 



advantage of this kiln is that the process of calcination is 
in full view of the operator, }jnd can be controlled by him 
to a nicety. By altering the rotating speed of the cylinder, 
and decreasing or increasing the feed of the {aw mixture 
or varying the force of the coal blast and the quantity of 
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fuel the burner is, or ought to be, able to regulate the 
operation of burning to any Sesired degree. 

With the old-fashioned intermittent kiln no such adjunct 
is |K>Rsible, for when once the kiln is charged and fired 
the calcining proceeds automatically for 'better or worse, 
and the product from the’ftiln must? take its chance. „ 

After the cfinker from the Notary Kiln is ground it is 
generally found 1o be of an extremely quick-setting 
nature (owing* to the absence of sulphates mainly derived 
from the coke or other solPl fuel generally used with other 
processes), and Arrangement!* have to be made c by the 
manufacturer* to overcome this difficulty, shell as by 
aerating or hydrating the clinker before grinding, or again, 
by the introduction of steam into the clinker grinding mills 
or by the addition of a small percentage of gypsum or 
plaster of Haris to the clinker. 

The great simplification of working which is produced 
by the use of Rotary Kilns in place of the older shaft kilns 
in the burning of cement is, however, perhaps more ap- 
parent than real, because t lie working of the Rotary Kiln, 
though theoretically very simple, is in practice somewhat 
complicated. 

For instance, the size of the particles of the raw 
materials is of equal importance to the proportions in which 
they are used, and it involves the employment of skilled 
workmen, with equal, if not greater, intelligence than that 
ventured for the older form of kiln. 

The product of the rotary kiln is purer than that of other 
kilns because in the latter, the ash of 'the fuel is mixed 
with the clinker and is ground as cement, ^rhile in the 
rotary kiln the greater part of the fuel ash is blown through 
the kiln by the force of the fan blast. 

It occasionally happens however that witli coarsely 
ground coal containing a large proportion of ash, so much 
of the ash is deposited on the lining of the kiln burning 
zone as to form “ a. ring,” and unless the use of the defec- 
tive fuel is stopped, the “ ring " attains such proportions 
as to render burning impossible, and then the kiln must 
be stopped while men go inside to free the lining. 

An occasional rapid loss in the strength of Rotary Kiln 
cement on keeping is not infrequently due to the use of too 
coarse a coel as fuel, or the admission of too little air for 
its complete combustion. In either case the formation of 
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carbon monoxide # results in a partially burned cement being 
produced. 



The be6t preventive of thin is the frequent testing of the 
flue gasQp whereby the correctness, or otherwise, of their 
composition may be ascertained, and, if necessary, an 
alteration in the supply of air effected. 


Modern Rotary Kiln and Double Shell Cooler with f linker Conveyor. 



The Rotary Kiln: Fuel Valuation. 

CHAPTEIi IX. 

The quality of coal best suited for use with the modern 
mtnn kiln is -t bituminous slack, containing not more than 
ten per cent, of ash, five per cent, of moisture, and one 
and a half per cent, of sulphur. It should have a heat 
value of not less than 7^000 calories per kilo, which is 
equal to 1*2,000 Pritish thermal units per lb. of rjoal and 
the proportion of moisture and ash should be kept as low as 
possible. The average results of rotary kiln coal analyses 
in bulk as delivered at works are given below*. 

These are of fair quality slack coals from the collieries 
of the Midlands in England. 


Analyses of average Bituminous Nutty Slack 
Coals from the Midlands (England). 
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The combustion of coal is a chemical process, and its 
behaviour during 1 combustion is a physical phenomenon. 
Each must be considered when the aim is to extract the 
maximum number of units of heat from a given weight of 
fuel, f-pr either a •variation in the chemical characteristics, 
or an improper control rtf the kilrVis liable t(* lead to decep- 
tive conclusions. * 

In order to obtain accurate information in regard to the 
number of heat units which complete combustion of the 
fuel will yield, one must resort fo chemical analysis or to 
the cahyi meter te^t, either ol which, improperly earned 
out, postulates the sc4eetion of suitable fuel •for the work 
in hand. and. what is often ol greater importance, should 
really determine the exact basis of payment between the 
consumer and the supplier. 

The practice of selecting fuel by simply inspecting 
samples of the kind of coal which the merchant agrees to 
deliver is irrational to the last degree, for no one can 
obtain definite knowledge of the heating \alue of any coal 
by e\en the most critical optical examination. Nor is it 
possible to decide fairly, by such a method, between two 
coals of about the same quality, but differing slightly in 
appearance. Nothing short of the work of the laboratory 
can sohe the problem. 

For use with a rotary cement-making plant, the 
selection of coal is almost as important proportionately 
as is the choice of raw material lor a- factory. The 
calorific power is frequently hut one of several factors to 
he considered. A4f hough the heating value of a unit of 
carbon orto^ hvtlrogen in all coals of the same nature is 
the same, then' is no doubt that in some cases the adapta- 
bility of a fuel to the particular furnace and service in 
hand is of sufficient importance to warrant its acceptance 
or rejection, quite apart from its relative heating power iri 
comparison with that of its competitors. 

The demand of the manufacturers for coal of uniform 
quality is reasonable, but in the exigencies of practical 
mining it is difficult perfectly to sort out inferior grades 
and partings of slates, and in actual practice the fact that 
a coal bears a certain name i& really of little significance 
as to its quality. 

Within reasonable limits it is now possible to .specify and 
obtain coal of practically uniform quality, but in any event 
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the chemical analysis and the calorimeter test enable the 
purchaser to obtain his money’s worth oT heating power. 

One of the most important phases of the coal testing 
problem is the impartial selection of samples. The 
personal equation must be eliminated in the effort to obtain 
a fair average »of the barge load of truck load or heap. 

Samples should be taken from a number of different 
places in the stock equidistant from one another, including 
Jarge and small lumps,, regardless of different quality. 
These samples should the i be united and crushed, mixed, 
and sub-divided until quartered selections of 20 or 25 lbs. 
are obtained. These should be kept secure for the pur- 
pose of analysis. The final samples for the chemist should 
be powdered coal capable of passing through an 80 to 100 
mesh screen; these should he kept in tightly stoppered 
glass bottles. It is remarkable how little discrepancy will 
often he found between properly-selected samples from the 
same barge load. But unless impartial sampling is carried 
out, the most painstaking work of the laboratory is of little 
avail in establishing the correct conclusions. 

In urging the influence of coal testing upon industrial 
economy, a few points may be noted in regard to the inter- 
pretation of chemical analysis. The literature of this 
subject is full of formula.* for the heating power in terms 
of the composition, and in many cases equations have been 
derived from the quality of coal found in particular locali- 
ties. The ultimate analyses give results which generally 
check far closer with calorimetric determinations than does 
the proximate analysis, and the latter should not be used 
alone when an accuracy within narrower limits Ilian *2 or 3 
|>er cent, is desired. Ultimate analysis reduces the fuel 
to its elements, hydrogen, oxygen, nitrogen, sulphur and 
carbon, with ash and moisture. Proximate analysis de- 
termines the percentage of fixed carbon, volatile matter, 
moisture and ash. 

Probably the most satisfactory determination of the 
calorific jxnver of fuel to-dav is that effected by the calori- 
meter, various apparatus being here explained, and these 
actually burn a sample of fuel under known conditions, 
and measure with great accuracy the rise in temperature 
of a surrounding water bath. 

Tn the combustion required to produce the necessary heat 
in a rotary kiln for cement burifing, many kinds of fuel 
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are used, including anthracite coal, but those giving an 
analysis on the lines of the results before mentioned are 
suitable. As explained, however, fuel contains chiefly 
carbon and hydrogen,, and it is when these combine with 
the oxygen of the air that, they give out heat. The problem 
is to generate as much* heat as possible fm> each pound of 
fuel and to utilise it completely in the kiln, \yhether the 
heat for the rfltary kiln be evolved from ml, gas or finely 
ground coal. The latter me^nsjHre most generally adopted 
in the manufacture oi cementVby the, rotary kiln in this 
country. 

To obtain the maximum amount of hetft, combustion 
must be complete. This involves compliance with certain 
conditions, not always easy to secure. In the first place, 
the requisite quantity of air must he supplied, and this 
amount varies with the particular fuel used, all coals differ- 
ing in composition. Air is needed in order that the oxygen* 
it contains may combine with the carbon and hydrogen in 
the fuel to produce combustion. The oxygen is present 
with nearly four times its weight of nitrogen, an inert 
gas which neither burns nor supports combustion, hut 
which must, nevertheless, he heated up to the temperature 
of the flue gases, thus absorbing much of the heat gene- 
rated by combustion. This loss of heat is unavoidable, but 
it can be reduced by carefully regulating the admission of 
air, and some of it is returned to the kiln through the* 
clinker coolers. 

The indraught about the ends of t ho rotary kiln can he 
used or preventer! at will, and the point, of highest tem- 
perature*^ be regulated by the burner in charge, who 
can focus it farther up or down the kiln as desired, and 
thus avoid burning out the lining in one place. 

The heat from the clinker is generally used to heat the 
coal blast. 

In rotarv kilns fired with coal a better heating effect is 
obtained when the fire jet is directed slightly to one side 
of the kiln and downwards. 

The jet should be mounted therefore so as to be capable 
of taking anv radial position. 

In all coal used for rotary* kiln burning the heat value 
of the fuel should be constantly ascertained both before 
and after purchase. The heat of combustion of the 
different elementary bodies of which the fuel is composed 
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has Ion# been known, and if the composition of the coal 
is determined h\ analysis, its heating vahfe may be thence 
calculated h\ adding together the heating value of its con- 
stituents and allowing for their heaj of eomhination. 

The calorific power of fuel, for instance, i/i the 
number of heat*units obtained b\ the combustion of a. unit 
weight of theVuel in ox>gen. The laboratory determina- 
tion of the calorific nr heating value of a solid fuel is carried 
out h\ burning a ueighciL amount of the dried sample in 
oxygen in a closed^ \ essel under water, and noting tlm 
increase of temperature that results from the heat generated 
b\ the eombu'siion. If the weight o7 the water by which 
the \ essel containing the burning sample is surrounded be 
known, and if the whole of the heat be abstracted from 
the gaseous products of combustion, the rise in tempera- 
ture of the water multiplied b\ its weight gives the number 
'of heat units developed by the burning of the fuel. 

Two sets of units are in use- the British thermal 
unit, or B.Th.U.. which represent* the heat required to 
raise 1 lh. of water through 1 deg F., and the calorie, 
or metrio unit, which represents the heat necessary to 
raise one gramme of water through 1 deg. C. A larger 
metric unit based on the kilogramme is also in use. 

If large quantities of fuel he employed in these deter- 
minations, the heat Josses due both to the size of the 
apparatus required, and to radiation, are proportionately 
high and dilTieult to allow for. The chemist surmounts 
this difficulty b\ taking great care in the preparation of 
the sample used for flu* calorimeter, anr l>v working with 
a small amount of fuel. The general practice is to use 
only one gramme of fuel for the calorimeter test : special 
precautions are therefore necessary to obtain the required 
degree of accuracy in the weight and temperature measure- 
ments. Some chemists prefer to work with 0.4 gramme, 
and Jl.oOO grammes of water. Under these conditions the 
rise in temperature of the water is usuallv less than I deg. 
C., and all corrections for radiation losses can he dispensed 
with. Very accurate and standardized thermometers, 
which can he read to 1-1 00th of a degree, are needed, how- 
ever, when working with such small amounts of fuel. 

Oxygen is used for the combustion, although air would 
be more in < accordance with the conditions of practical 
work. The difficulties of igniting and burning a coal 
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sample in a current of air in a confined space without pro- 
duction of smoke and soot are so great, however, that 
oxygen lias been generally accepted as the only possible 
substitute. Two methods of applying it are in use. Either 
the fu$l sample is burned under normal atmospheric pres- 
sure in a calorimeter d the “ stlbnierged Aiell ” type, or 
the fuel is burned under high pressure in the V bomb ” 
type of calorimeter. In skilled hands either method gives 
reliable and concordant results, Jbut as the -decomposition 
products of coal vary in chatac/er with the tcm|>orature, 
the calorific values obtained by the bofiib apparatus are 
sometimes liigher than those obtained by the bell. 

Heat Insulation. — In using either the bomb or the 
bell type of calorimeter it is essential to have some pro- 
tection against temperature exchanges between the vessel 
holding the measured volume of water and the outside air. 
The most practical form of insulating vessel consists of an 
outer water-jacket ed vessel containing a stirrer and enclos- 
ing an inner air space, in which the highly polished nickel- 
plated vessel containing the water is sijgiported on three 
small heat-insulating corks. When in position the inner 
vessel is thus surrounded by an air jacket and by a water- 
jacket, and if a circular asbestos board or plate (with the 
necessary openings in it for the thermometer, electrical 
ignition wires, and oxygen-supply tubes) he employed to 
close the top of the vessel, the temperature exchanges with 
the outside air will be reduced to a minimum. Some form 
of mechanically operated stirrer is used before and at the 
end of flic" test to Obtain a thorough mixture of the water 
in the inifei»\es*el. Electrical ignition is often used with 
both types of calorimeter. 

Briquetting the Samples.— A small briquette or 
tabloid mould often completes the. apparatus re- 
quired, since if il be attempted to burn the 
fuel in powdered form, low results will be ob- 
tained. This deficiency is due to portions of the 
fuel been blown upon the metal base of the hell 
when the ignition starts, and also to the ash which will 
form above and cover the lower layers of fuel as the com- 
bustion approaches completion. The necessity for press- 
ing the fuel into small pellets or briquettes extends also 
to bomb tests, since if the fuel be in powdered form, some 
portion of it is thrown against the internal walls of the 

i 
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bomb by the force of the explosion, and will there escape 
combustion. 

Bituminous fuels as a rule will form pellets o „nd 
briquettes? by pressure alone. In qises where insufficient 
tarry matter is present ip, the natural fuel, just sufficient 
of a 1 per cejft. solution of gum arabic may be used to 
make the particles of fuel adhesive. For half a gramme 
of fuel, three small drops of such a solution will suffice. 
The pellets or' briquettes tnu^t be heated in the air-bath at 
230 deg. F. (110 # 4?g. C.Mor at least four hours to expel 
the last traces of moisture thus introduced before testing 
in the calorimeter. 

Standard Types. — Two standard examples of the bell 
and bomb types of calorimeter will now be described, but 
it must be understood that many different makes of these 
two types are in general use, and that practically all 
accurate calorimeters belong to one type or the other. 
Since accuracy in calorimetric work can be attained only 
by practice and by close attention to minute details which 
cannot be set out here, readers are referred to the various 
handbooks on this subject for more complete information 
as to the methods of observation. 

The Darling bell apparatus consists of a glass bell-jar 
closed above by a rubber cork, and provided below with a 
glass flange ground quite level on its lower side. By the 
aid of rubber rings, a circular brass ring and small milled 
nuts and screws the glass bell can be firmly fastened down 
upon a brass support, through small holhsjn the base-plate 
of which the gases produced by the combustion of the 
fuel have to pass before they can escape and bubble 
up through the water. In order to break up the bubbles 
more completely, a piece of brass gauze may be fixed on 
the bell, or better still, a copper spiral may be provided 
above the brass base, and all the gases produced by the 
combustion may be forced to pass up this spiral before 
they escape through the water. Such a copper spiral is of 
great service in extracting the last traces of heat f*om the 
waste gases in all calorimeter work. 

The Mahler-Donkin bomb calorimeter consists of a 
massive gun-metal cylinder, provided with three projecting 
thick screwed stud-pins for bolting down the cover. The 
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cover is provided* with a milled-head screw valve for re- 
gulating the inlet of oxygen to the cavity inside the bomb. 
Thd*e is also an insulated conducting wire, which runs 
through the covty: and terminates above the brass wire 
ring u8ed for supporting the small platinum capsule or 
crucible containing the fuel. Thin lead wire is used. to 
make a tight joyit between the bomb proper anil its cover, 
a circular groove in the cylinder top having i|s its counter- 
part a projecting ring on the Jnder side of the cover. 
The borjfb is tested up to l,80u lb. pressure before it is 
sent out, and is plateij inside with gold, in order to with- 
stand the action of the nitric and sulphuric acids produced 
by the combustion of the fuel. 

* The usual pressure used in these tests is ‘20 to 27 atmos- 
pheres, or 300 lb. to 400 lb. It is advisable, therefore, to 
have a small back-pressure valve inserted in the milled 
head-screw in the bomb cover in order to avoid a great loss 
of gas when disconnecting the oxygen supply pipe and 
gauge from the bomb, after filling the latter with oxygen. 
At these high pressures the combustion of the coal is prac- 
tically instantaneous, and the thin platinum wire used for 
ignition purposes will generally be found fused owing to 
the temperature momentarily attained. In order to pro- 
tect the platinum capsule or crucible from the same effect 
and from the action of the molten slag produced, it 
is necessary to line it with thin asbestos board, cut and 
shaped to fit the crucible or capsule. This asbestos board 
must be dried and ignited before use in order to remove all 
matter thqt might vitiate the test results. 

As regards the comparative advantages of these two 
types of calorimeter for regular routine-fuel-testing work, 
the bell apparatus is less costly to set. up and maintain in 
working condition, and the glass bell, if carefully used, 
will outlast two or three bombs with gold or enamelled 
linings. The only durable type of bomb is that with a 
platinum lining, and at the present price of platinum the 
cost of such a bomb is prohibitive. Further advantages 
of the bell type are that the combustion is visible, it being 
possible to observe its progress ^through small holes^cut in 
the cover of the calorimeter, and that being carried out 
under only a slight plus pressure it is more in accord- 
ance with* the conditions obtaining in practical work 
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than the combustion in the bomb, which attains the 
violence and rapidity of an explosion. The rate of burn- 
ing the briquettes or pellets in the hell can, in fact, be 
brought into exact ratio with the? rate, of combustion in 
the boiler furnace. A ctflorific value obtained undhr such 
conditions iff of more practical value than one obtained 
by instantaneous combustion under 400 lb, to 500 lb. pres- 
sure, with the attainment of a temperature at which 
platinum melts. The dc^oifi position products of coal vary 
considerably in Composition with the temperature attained 
during their •evolution, and it is reasonable to •assume that 
the gaseous products evolved in the bomb under the con- 
ditions obtaining' during a calorimeter test are quite 
different in composition and heat value from those evolved 
at much lower toin[K*raturos ami under normal pressure. 
r For scientific w r ork the bomb is, no doubt, preferable to the 
bell, but for everyday use and for the practical require- 
ments of large work* the bell type has much in its favour. 

The Lewis Thompson’s Calorimeter here illus- 
trated is another apparatus often used, and although the 
results by this method of testing are only approximate, 
they are quite sufficient for a commercial working valua- 
tion. This apparatus consists of a glass cylinder bolding 
2,000 c.c. of water, that is, 2,000 grammes when filled to 
this mark. The temperature of the water is taken with 
a delicate thermometer before beginning the experiment. 
Then two grammes of powdered coal are mixed with 
11 grammes of the oxygen mixture'' (1 part potassium v. 
nitrate to 3 parts potassium chlorate, this being finely 
ground and well dried). A little of this coal mixture 
should first be tried to see if it burns properly. ]f the 
mixture does not burn steadily, the amount of oxygen 
mixture must be varied. When a. mixing is found to burn 
well, a similar mixture is made and transferred to the 
narrow copper tube, the bottom of which should be tapped, 
while small portions are being pressed down gently with a 
test tube. When a.ll the mixture is added, a piece of fuse 
about J inch long is inserted : this fuse is made by soaking 
thin cotton wick in a solution of potassium nitrate and 
drying. # 

The tulle is now' placed in the clips of the br^ss bottom, 
the fuse lighted and the cover placed quickly over it, care 
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being taken that the stopcock is closed ; the tube iB im- 
mediately immersed in the water contained in the glass 
cyliiyler The cover consists of a copper cylinder with a 
narrow tube ; this prevents the water from coining in con- 
tact with the mixtfire. The prodycts of combustion escape 
by hqjes at the bottom, *and the narrow tube is provided 
with a stopcock which is opened to admit the \yater into 
the cylinder unci' tube after the combustion is finished. 

When the combustion is finydieil, the stopcock is opened 
to allow the water to rise into thufeyliiidyi\ The apparatus 
is then raised and lowered several times to mix the water. 
Tt is then removed anti the highest temperafure attained 



taken and Ithe iyeftase noted. The calculation is then 
made as fdlloivs : — As 2 grammes of coal were taken and 
the cylinder contained ‘2,000 grammes of water, the 
number of centigrade degrees increase in temperature 
multiplied by 1,000 will give the heat units evolved by 
the coal. The amount of heat absorbed by the apparatus 
during the combustion and so rendered insensible to the 
thermometer is equal to 10 per cent., therefore 10 per 
cent, must he added to the number of degrees of tem- 
perature which the water has been raised. 

Example : — 

Initial temperature of the water, say, 15.6°C., and the 

Final temperature of the water, „ 22.2 0 O. 
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The correction for the 10 per cent, absorbed is now 
added, thus : — (6.G -h 0.66) x 1,000 = 7,260 calories, or heat 
units. e 

To convert the calories per kilo, intp B.T.U. per lb. 
(British Thermal Unjks) multiply by 9 and divicte by 5 , 
thps : — , 

l 2 ?®*? = 13008 B.T.U. heating value of coal, 

the British Thermal Uni being the quantity of heat re- 
quired to raise one pound of water one degree Fahrenheit. 

As before Explained, the ordinary chemical analysis 
of coal generally consists in the estimation of the follow- 
ing : — Moisture, ash, sulphur, volatile matter, non-volatile 
matter or coke, and the calorific power. 

The results obtained will usually enable an opinion to 
be formed as to the quality of the coal. 

if the coal is well sampled and ground to a fine pow T der, 
the requisite tests may he carried out as follow's : — 

Moisture. — Weigh out two grammes of coal in a watch 
glass and place in a steam oven. Remove the coal in about 
an hour’s time, cool in desiccator and weigh. The weight 
decreases by loss of moisture, but after a time increases 
by oxidation, so a series of weighings are carried out and 
the lowest figure taken as the completion of drying. 

Ash. — Carefully weigh out one gramme of the powdered 
coal in a shallow platinum dish ; this il placed *on a nickel , 
or pipe clay triangle and ignited slowly at fh;stfbut after- 
wards more strongly till only a clean ash remains. It is 
then cooled in a desiccator and weighed. 

Volatile and Non-Volatile.— Weigh out one 
gramme of the powdered coal in a platinum crucible 
which has been previously weighed without the lid. 
Cover the crucible with the lid and place on a triangle 
and heat with a full bunsen flame. When the flame 
from the gases coming from under the lid stops, heat for 
about two minutes longer ,< remove the flame, cool in the 
desiccator, and weigh as soon as possible without the lid. 

In orden to have comparable insults in diffeipnt opera- 
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tions the size of the flame and position of the crucible must 
be the same in all estimations. 

'(he loss in weight is the total volatile matter, and by 
subtracting the moisture already estimated, the actual 
volatile matter irf obtained. # 

Tfce residue in the crflcible froih above emulation is the 
coke containing the ash, so by subtracting the, weight of 
ash from this, *the non-volatile carbon is obtained. 


» 

Example : — 4 # 

• Moisture found ... ... ■ ■ ■ 6.6 jier cent. 

Ash found # ... ... ... 7.3 „ 

Volatile matter Crucible + coal before hcatiiyr .. . ... 13.9630 

„ „ after „ ... ... 13.6172 

Total volatile ... ... ... .3468 

which equals 34.58% 
Loss moisture ... ... ... 5.60% 

Actual volatile matter ... ... 28.98% 

Non-volatile matter Crucible — coko ... ... 13.6172 

Crucible alone ... ■■■ 12.9630 

Non-volatile and aBh ■■■ ••• .6542 

which equals 05.42% 
Less ash ... ... • • • • • • 7.30% 

Actual non-volatile ... ... • • 58.12% 

• • 


Sulpbu(. — \Veigh out one gramme of coal in a 
platinum crucible, and thoroughly mix with about four 
times the weight of finely powdered dry sodium carbonate. 
The mixing is effected by adding the sodium carbonate 
gradually to the coal in the crucible, and stirring con- 
stantly with a dry glass rod. 

Partially cover the crucible with the lid, and heat very 
gently at first, so as not to volatilise the hydro-carbons. 
Gradually raise the temperature nearly to redness, and 
continue the heating until the mixture becomes faint grey; 
now raise the temperature toil dull red heat for about an 
hour or until the mixture has become almost white, owing 
to the combustion of the coal. 
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Now treat the cool mass with water, digest on a water 
bath for a time, and filter the solution. * 

Add a few c.c. of bromine water to the filtrate, ,and 
acidify with hydrochloric acid ; thfn boil the liquid until 
all the bromine is removed. Add 'barium oliloride 
solution and bail ; allow the precipitate of barium sulphate 
to settle; filter it off and wash well. Transfer the moist 
filter paper and precipitate to a platinum Vrucible, ignite, 
cool in desiccator and w^gh t ns BaS0 4 . 

Calculate as Mlbws : — 

BaS0 4 x*. 1374 x 100 = per cent, sulphur. 

In this estimation the mixture must not be stirred during 
the healing, nor should any smoke or odorous gas escape. 
If much iron is present the mass will be of a red colour after 
heating. 




Of dktreme importance to the cement, manufacturer is the 
question of the.efficient utilisation of heat when* cl inker in# 
raw material in a Rotary Kiln. f The problem is somewhat 
similar to one that has lon£ exercised the attention of 
mechanical engineers, viz., the eonvenSiftn of the greatest 
possible proportion oS the heat set free in the burning of 
coal into steam in a boiler. An enquiry into the amount 
of heat dissipated and wasted in clinking raw materials 
necessarily follows somewhat along the lines already laid 
down in investigating the efficiency of steam boilers, that 
is, in ascertaining the total heat given out in burning the 
quantity of coal used in making one ton of cement clinker, 
and comparing it with the heat which is theoretically 
necessary. 

It will he convenient to consider separately the various 
operations in which heat is usefully expended, recovered, 
or wasted. 

(a) Heat is usefully expended in— 

(1) Driving off moisture from the raw materials. 

(2) Heating up the raw materials to clinkering 
temperature. 

(3) .Decomposing the calcium carbonate. 

(b) Heat* is* recovered from— 

(4) The cooling of the hot clinker in the clinker 
cooler. 

(5) The union of lime and clay at the clinkering 
temperature. 

(c) Heat is lost in— 

(6) Radiation from the kiln and cooler shells. 

(7) The waste gases leaving the kiln exit end. 

(8) Imperfectly cooled clinker leaving the cooler. 

The operations referred to above may be considered in 

detail as follows : — The calculation of the heat required to 
(137) 
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evaporate the moisture from the raw materials, and to 
superheat the steam formed to the temperature of the exit 
gases presents little difficulty. r 

It is not necessary to calculate directly the heat ex- 
pended in raising the raw materials c to clinkering tempera- 
ture, and this* indeed wt>uld be difficult, as the specific 
heats of the rdw materials when approaching the clinkering 
temperature are not definitely known, and are also difficult 
to obtain. It suffices to remember that the heat expended 
in bringing the raw materials to clinkering point will be, 
under suitable cohSitions, restored in the clinkea cooler. 
It is then only necessary to consider the looses due to 
defective cooling, such as imperfectly cooled clinker, cooler 
radiation, <fcc. Tli*e coal burned for the purpose of heating 
up the raw materials will only be that required to make 
good the losses such as those referred to. 

The heat required to decompose the calcium carbonate 
is now generally accepted as equal to 774 British Thermal 
Units per pound. 

The heat evolved by the union of lime and clay at the 
clinkering temperature is uncertain. Carpenter on Cement 
gives this as 29,868 B.T.IIs. per barrel, or, say, 176,000 
B.T.Us. per ton, which is equivalent to about 15 lbs. of 
coal per ton of clinker. 

Methods are now available for estimating with consider- 
able accuracy the radiation from kiln and cooler shells. 
The calculations depend on the surface temperature of the 
shell, which is measured by a suitable thermal junction. 

The calculation of the heat lost in tlm waste "gases pre- 
sents little difficulty. A doubtful point is the specific heat 
of the gases at the higher temperature, such as 900° F., 
which is sometimes reached, and on this subject valuable 
experiments on specific heats of gases have been conducted 
by Le Ohatelier and Mallard. 

Heat Effloieney of. Kiln.— From a consideration of 
what has gone before, it will be seen that the total heat or 
quantity of coal required to produce one ton of clinker in 
practice, is capable of fairly close calculation, and very 
close agreement can be made in this manner w f ith the coal 
consumption observed in actual experiments extending 
over a long. period. 
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Kiln Effioieney— Wet Prooess. — The efficiency of 
a rotary kiln is ‘somewhat difficult to define in practice, 
but an estimate may be made in the following manner. 

An ideal kiln may # be assumed for reference purposes. 
This is assumed ‘to work without radiation or cooler losses 
and, without excess (fir. The* water in» the slurry is 
assumed to be 37 per cent., this being about, the lowest 
value usually tnet with in practice. The temperature of 
the waste gases is taken at ‘^12$ F. Such a kiln working 
under the ideal conditions outlined qfjove w T ould have a 
total feel # consumption of approximafely 16 per cent, 
reckoned on the dinner produced. • 

In practice, most kilns on the wet jirocess will have a 
coal consumption nearly double, or 32 per cent, reckoned 
on the clinker. Hence, in the sense referred to above, the 
average efficiency of a modern process kiln (as compared 
with an arbitrary standard) may be said to be approxi-* 
mately 50 per cent. 

Kiln Efficiency— Dry Process. — An ideal kiln using 
perfectly dry raw materials, working without radiation or 
cooler, or excess air losses, and having a waste gas tem- 
perature of 212° F., would operate with a coal consumption 
of approximately 8 per cent, reckoned on the clinker. In 
practice it is probable that dry process plants in this 
country working with a coal consumption of leBs than 
20 per cent, are rare. Assuming this value the efficiency 

for a dry*process«kiln would he - ^ - __ <\{) ren t. 

On accoiiht of the increased temperature of the exit gases 
the efficiency of a dry process kiln when worked out on 
the lines referred to above is found to he less than that of 
a wet process kiln. The actual coal burned per clinker 
ton (which is the important point) is of course much less 
than on the wet process. 

Utilisation of Waste Heat from Kilns.— The 

modem tendency is to use the wet process, with an in- 
creased length of kiln (and with a sufficient quantity of 
slurry lifters or similar appliances inside the kiln). The 
effect is to reduce the temperature of the waste gases 
below tty point at which it w ? ould be economical to instal 
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waste heat boilers. In some of the earlier American 
plants, working with short kilns on the r dry process, the 
temperature of the waste gases has been high enough, to 
render the use of such boilers practicable. 

A considerable difficulty was the deposit of fine dust on 
the water tubet and elsewhere, btft this appears to ^ave 
been successfully overcome. 

Whilst therefore waste beat boilers may be applied with 
success to some of the early plants working on the dry 
process, it is considered thr t f>oth for the wet and the dry 
processes future progress is likely to be in the direction 
of reducing tilt* temperature at which the gases leave the 
kiln. An equivalent reduction in the coal required for 
firing the kiln will naturally result. 



The Rotary Kiln. Flue Gas Analysis. 

CHAPTER XI. 

From the coal analysis theialue of the coal is arrived 
at, an($ from the flue gas analysis it is determined if com- 
bustion of the coal tifkes place in a satisfactory manner. 

In an ordinary boiler furnace the air drawn through the 
fire by the chimney carries the supply of oxygen necessary 
for burning the fuel, air being a mixture of about S21 per 
cent, of oxygen and 79 parts of nitrogen by volume. 

The nitrogen takes no aeli\e part in passing through* 
the lire, and passes from the chimney in the same con- 
dition as it entered the furnace. 

The oxygen combines with the carbon and hydrogen of 
the coal forming CO* and H,0 together with some CO if 
combustion is incomplete. These* gases, together with the 
nitrogen and the excess air pass up the chimney. The 
percentages of ('(h, 0 2 and CO present in the flue gases 
can be conveniently determined by analysis, and an ex- 
amination of the result shows whether the fuel is being 
burned in a satisfactory manner. 

The method used for the estimation of these gases is 
absorption in % special apparatus. A measured quantity 
of gas is* passed into caustic potash solution to absorb the 
carbon dioxide (CO*) then into alkaline pyrogallatc solution 
to absorb the oxygen (0*A and afterwards into cuprous 
chloride to absorb the carbon monoxide (CO). The ap- 
paratus generally employed for this test is the Orsat. 
This arrangement consists of a burette for measuring the 
gas, graduated from zero to 300 c.e. at. the top, each c.c. 
being divided into l-5th c.e. The burette is surrounded 
by a water jacket to protect the gases contained in it from 
external changes of temperature. The top of the burette 
is connected by capillary tubing with stopcocks to*4he three 
absorption tubes containing bundles of glass tubes, and the 
above-mentioned solutions. 

(Mi) 
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A description of the Onat Apparatus is as follows 

(A) The level bottle connected to the burette by 
rubber tubing and two-thirds full of water. 

(B) The graduated burette for nieasuring the gas. 

(C) Rubber pump for df awing g&ses from the flue, this 
being connectM to the three-way stopper D. 

fD) Tbree-way stopper for connecting the flue to the 
pump of the burette. 

(E) Absorption tube containing caustic potash. 

(F) Absorption tube containing alkaline pyrogafiate. 

(G) Absorption tube containing cuprous chloride. 

(K) Tube for connecting to the flue. 

Method of Working 

Raise the level bottle A, and allow the burette B to fill 



Orsat* Lunge’s Apparatus for Furnace Gas Analysis. 

with water to the 100 c.c. mark; then close the stopper D 
again Rt. the tube leading to JB. ** 

Now by means of pump C draw the gas from the flue 
through the. tube K, till all the air in the tube.has been 
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completely displaced by the flue-gas. Now open Btopcock 
D to the burette *B (making sure that the stopcock D is 
correctly placed to shut of! C). Lower the level bottle, 
and allow the burette te fill with gas to the zero mark, then 
close D. * s 

Tlje burette now contains 100 e.c. of the # flue gas to.be 
tested. Now open the stopcock on E and at. the same 
time raise the # level bottle; this forces the gas into the 
caustic potash in tube E ; lqjver the level bottle and the 
gas is drawn back to the burettdl Thia ip carried out two 
or thre£ times, so that all the carbon dioxide may be 
absorbed. The last tiflie the level bottle is lowered slowly 
so that the caustic potash rises to the height it originally 
stood at; the stopper of E is then closed and the level of 
the water in the burette is now read off, the reading 
giving the percentage of COa. The gas is now passed 
into F in the same manner to absorb the oxygen, and 
again intoG, to absorb the CO (carbon monoxide). 

Complete combustion of the coal is required to get the 
full heating value. From combustion the chief product is 
Carbon dioxide (CO 2 ), which should therefore show a 
good percentage in the flue gases. Carbon monoxide is 
formed by incomplete combustion of the coal, the presence 
of this gas therefore show’s a wastage of fuel, as with ad- 
ditional oxygen the CO will burn to CO 2 , thus producing 
more heat. The quantity of CO present in the flue gases 
should therefore be very small, and less than 1 per cent. 

The formation of CO is often due to incomplete combus- 
tion caused by rapicl firing. 

The prJsesnce of Oxygen in the waste gases indicates 
excess of air. Air in excess of that required for combus- 
tion causes waste, because the cold air entering the boiler 
is heated up and escapes at a high temperature from the 
chimney top. 

The best results are obtained when just enough air is 
supplied to burn the coal completely, thus preventing the 
formation of CO and consequent black smoke from the 
chimney top. 

On account of the unequal distribution of the air passing 
through the fire it is generally found necessary to supply 
considerably more air than w r ould be required if there was 
a more umforra mixing of the air with the coaf in the fur- 
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nace. The table below, which is worked out for boiler coal 
of average quality, shows the relation between the excess 
air supplied to the boiler, and the percentages of CO/and 
O a present in the flue gases. * 4 
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In the best boiler practice tiie excess air would probably 
be at least 50 per cent., corresponding to 12.1 per cent. 
C() a and 7.0 per cent, ol oxygen in the waste gases. In 
less well arranged boilers the excess air may reach 150 per 
cent., the ga?- analysis then showing 7.1 per cent, of C0 2 
and 1‘2.8 per cent, of oxygen. 

When very large quantities of excels air are indicated 
it is probable that much of the air does not puss through 
the furnace, but leaks into the flues between the furnace 
and 4 he chimney. The gas analysis is usually taken near 
the chimney. The excess air can he cdh leniently deduced « 
either from the CO or the O 2 present in the flue gases. 

In the calculation of the excess air present when burn- 
ing cement raw materials it must be observed that C0 2 is 
given oil' by the raw materials during the process of burn- 
ing in the kiln, and this increases the proportion of C0 3 
present in the flue gases. 

It follows that in the rase of rotary kiln exit gases a 
relatively high proportion of CO 2 indicates not only com- 
plete combustion and small excess air present, but also a 
type of kiln in which the heat of the coal is utilised in the 
most efficient manner. For the estimation of excess air 
alone in cement kiln practice, the percentage of oxygen 
present in the exit gases is a reliable indication. 
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For a rotary kiln on the wet process burning about 30 
per cent, of dry*eoal, the gas analysis for various propor- 
tions of excess air will be approximately as shown in the 
table below. • 


• 

Excess 

Air 

per cent. 

Air per lb 
otf Coal 
lbs. 

co 2 

per cent. 

• 

r 

0., 

per cent. 

! 

• 

* Remarks 


; 


f 


0 » 

10.0 

20.7 


The gas per- 

• 

• 



• c outages are 

10 

11.0 

24.4 

1.8 

by volume 

25 

12.5 

21.7 

• 

3.9 


50 

15.0 

1 8.3 

H.0 


75 

17.5 

15.8 

8.5 



When burning powdered coal in a rotary kiln it is pos- 
sible to cut down the excess air to JO per cent. 

Under these conditions and with a dry coal consumption 
of 30 per cent, the gas analysis, as shown by the table, 
would be approximately (’02=24.4 per cent, and 02 = 1.8. 

The relation between the Oxygen present in the waste 
gases leaving the kiln and the excess air supplied will 
remain nearly constant for a wide variation in the per- 
centage of coal consumption. The OO 2 shown by the gas 
analysis, Jiowevfcr, is much more affected by changes in the 
coal consumption. 

As previously explained, a correct regulation of the air 
supply in a rotary kiln will generally effect a saving where 
this matter has not previously received proper attention. 
The admission of too much air causes a loss of fuel owing 
to the beating of an unnecessarily large volume of air; on 
the other hand too little air leads to complete combustion 
of the coal. The latter is indicated by the appearance of 
black smoke at the chimney top. 

With rotary kilns the danger usually to he feared is 
excess of air, as the general arrangements of the kiln lend 
in this direction. For estimating excess air the O 2 in the 


K 
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waste gases is a much better guide than the C0 2 , the latter 
figure being dependent in a cement kiln both on the excess 
air, and in the general efficiency of the type of kiln us«d. 

Cement kilns differ in this respect from boilers. In the 
latter apparatus the proportions of CO 2 or O 2 in the flue 
gases are usu/dy useful as showing the percentage of 
excess air’ present. 

Correct air supply, complete recovery of the heat of the 
clinker leaving 'the kiln, low temperature of the exit gases 
and the recovery ,of potash are directions in w’hich the 
cost of firing rotary kilns will be reduced in future. * 



The Rotary Kilrl*. Historical. 

CHAPTER XII 

Among the Kotary Ivilns lor cement manuiaeture wap 
one erected at Arle&v in 1887, and another at Hull, and 
soon afterwards a small kiln was erected at Penarth. and 
one at Grays. All these kilns were at first supplied with 
heat from gas producers. The Arlesey kiln, at that time 
perhaps the largest erected by Kansome — one of the original^ 
patentees — was 26 feet long and 5 feet in diameter. Sub-* 
sequentlv the Stokes process was introduced in the 
industry, but none of these early Kotary Kilns, nor indeed 
any other Kotary Kiln, was at that time a practical or 
commercial success, the chief cause of failure being the 
absence of a suitable method of firing. 

This has been since attained by investigators in the 
I'nited States, and led to the adoption of an apparatus 
dealing with |x>\vdered coal with an air blast. Since that 
time various ideas in dimensions and designs have been 
ineor|>orated in apparatus put ujvon the market by 
numerous makers of the kilns in many countries. 

With the fir^t Introduction of the Kotary Kiln, however, 
it is douBtfal if Crarnpton’s patent of 1877 ever got beyond 
the experimental stage, and Ransome’s ideas did not 
indeed get much further. 

The following are some extracts from the first patents 
applied for in connection with the use of a Kotary Kiln 
for cement manufacture : — 

T. R. Crampton, 1 3 Victoria Street, S.W., 22nd June, 
1877, and 7th December, 1877. 

(a) For the burning of Portland and other .such-like 
cement in chambers or furnaces in which the cement 

( 147 ) 
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material is kept in motion either continuously or inter- 
mittently by mechanical agitation during the burning 
through them, substantially as described. 

r 

( b ) The burning of Portland and other shch-like cement 
in revolving furnaces heated by the gases resulting from 
the combustion of coal or carbonaceous material passing 
through them, substantially as described. 

(c) The burning of Portland and other such-like cement 
in revolving furnaces heated by the combustion .of air 
and powdered, carbonaceous materia 1 , substantially as 
described. 

(d) The manufacture of Portland and other such-like 
cement direct from the raw materials being effected in a 
continuous operation. 


F. Raniome, Lower Norwood, Surrey, 2nd May, 1885, 
for— 

(a) The process of manufacturing Portland and other 
cement substantially as described, consisting in first re- 
ducing the cement material to a dry powder, according to 
the degree of fineness required in the burnt cement, and 
then burning such dry powder by keeping it in continuous 
movement whilst exposed to the heated products of com- 
bustion of a gas or other furnace so that the cement pro- 
duced may be used without subsequent grinding. 

(b) The process of manufacturing Portland and other 
cement substantially as described consisting in first re- 
ducing the cement material to a dry powder according to 
the degree of fineness required in the burnt cement, and 
then burning such powder in a slowly revolving chamber 
heated by the combustion of gas substantially as described. 


Frederick Wilfrid Stokes, 13 Holland Street, Kens- 
ington, dated 10th March, 1888, for — 

(a) The improved method or process of producing 
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cement by first forming the slurry into strips, sticks or 
sheets of regular or uniform transverse sectional area ; then 
(laying the same, and then subjecting them to intense heat 
in a revolving cylinder or furnace, while they are kept 
relatively in mo'tion, substantially as and for the purpose, 
set#forth. § 

( b ) The described method or manner of simultaneously 
abstracting some of the Ifegt from the burnt cement and 
heating the waste products oficombuy^on or atmospheric 
air to 4>e used for drying the slurry or for other purposes, 
as set forth. 

(c) The employment of a conveyor lined with fire-brick 
or other refractory material and arranged to pass along a 
flue through which the waste products of combustion, or 
the wet slurry are caused to pass, substantially as, and fo/ 
tiie purposes set forth. 

(d) The consisting of a. revolving cylinder lined with 
fire-brick or other refractory material (with or without the 
helical grooves) and so arranged that the waste products 
of combustion or atmospheric air will pass through the 
same, substantially as, and for the purposes, set forth. 

(r) In my improved apparatus for burning cement, the 
provision for utilising compressed air for inducing currents 
of air into the regenerative chamber, substantially as, and 

for the purpose, ybove specified. 

• 

(/) Tlfe T’ombination of a regenerative chamber, a re- 
volving cylinder or furnace and a hood or casing for 
collecting the heat radiated from the said cylinder or fur- 
nace, substantially as described. 

(g) The combination of an elevator, hopper and con- 
tinuous feed with a revolving cylinder or furnace, sub- 
stantially as, and for the purposes set forth. 

(h) The improved method of forming the slurry into 
strips, or sheets, by forcing %t in a plastic stat<? through 
suitable apertures in an otherwise closed cylinder or 
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chamber by means of a piston, substantially as, and for 
the purpose, set forth. 


E. H. Hurry, Bethlehem, Pennsylvania, and H/ J. 
Seaman, Catasauqua, Pennsylvania, 23sd December, 
1H9H — 

(<i) Tlie process' for afitomaticallv handling foment 
material, and continuously making ami finishing Portland 
cement, substantially as specified and represented in the 
drawings. < 

(b) The process for continuously and automatically manu- 
facturing Portland cement, which consists in preparing 
the cement material, roasting such material, cooling and 
pulverising llio resultant clinker, and packing or storing 
the finished cement. 

(c) The process for continuously and automatically 
manufacturing Portland cement, which consists in pre- 
paring the cement material, roasting such material, wet- 
ting, cooling, and pulverising the resultant clinker and 
packing or storing tlie finished cement. 

(d) Tlie described process of burning pulverised car- 
bonaceous fuel in the presence of the cement material 
being roasted, which consists in injecting. the pulverised 
fuel with a limited volume of high pressure air inducing 
a limited current of air at atmospheric pressure with the 
injected fuel and supplying the air necessary to support 
combustion of said fuel by a natural draft independent of 
the injected mixture. 

(c) The described process of burning pulverised car- 
bonaceous fuel in the presence of the cement material 
being roasted, which consists in injecting the pulverised 
fuel with a limited volume of liigh pressure air inducing 
a limited current of air at atmospheric pressure with the 
injected fuel and supplying the volume of air to support 
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combustion by g heated natural draft independent of the 
injected mixture. 

(/) The described method of burning pulverised car- 
bonaceous fuel in the presence of the cement material being 
roasted, which consists in iifjeoting tl#e fuel with n 
natural volume of high pressure air in the presence of a 
natural draft *of air sufficient to support combustion of 
said fuel and allowing the air to carry the solid residue 
of combustion away witfioitf impinging against the 
cement material being roasted. 


An interesting record, showing the possibilities of this 
kiln some thirty years ago, is contained in the description 
of the operation of the Rotary Kiln and the methods in* 
use at the time, as reported hv The Engineer, in the 
year 1887. This report of old standing, well descriptive 
of the manufacture of cement, by the then old and new 
methods, is here reproduced, and it will he seen that the 
article is peculiarly illustrative of what has actually 
occurred in the industry some thirty years after this report 
was written. 

The following article has particular reference to the 
“ Han some ” Rotary Kiln patented in 1885, as then 
introduced in cement manufacture 

The pibcess^of* cement manufacture as il at present 
exists may be briefly described as follows :--Thalk is mixed 
with the requisite quantity of clay in a “ wash mill,’ a 
large circular basin of brickwork, in which a series of 
heavy iron drags or harrows are caused to rotate by the 
motion of a central spindle, to which they are suspended 
by radiating arms. Water is run in, and the tw r o materials 
gradually disintegrate and thoroughly mix. The mixture, 
in the state of thin slop, known as “ slurry,” runs out of 
the mill as it is formed, and is led off to large settling 
tanks or ponds, where it is allowed to remain at rest. The 
finely divided chalk and clay settle down to a stilt mass at 
the bottom, and the water is run off ; a series ol tanks 
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being so arranged that each one is ready for subsequent 
treatment about six weeks after it has been filled. The 
stiff mass, or “compo,” left behind when the water has 
run off, is in many works removed and ground in an 
ordinary mortar mill, aftei; removal from which it is loaded 
on to drying ^floors which are heated, either with waste 
heat from .kilns or coke ovens or by special furnaces ar- 
ranged for the purpose. A shed open at the sides protects 
the drying coihpo Irom rain, qn'd it gradually solidifies into 
masses containing /mly at small percentage of moisture. 
These masses, varying from the size of a man’s head to 
that of the fis\, are placed in a kiln with alternate layers 
of coke. A fair-siz # ed kiln will hold 70 tons of dried slurry, 
15 tons of coke, and a small quantity of brushwood to act 
as kindling. 

The fire is now lighted, and by the fourth day, or in, 
c say, ninety-six hours, the 85 tons of material have reached 
a temperature closely approaching that of molten cast iron, 
and have also diminished in weight to about 30 tons, plus 
the weight of the ashes of the coke (about 15 cwt.). The 
kiln requires a day lo cool, another day to unload, and the 
30 tons of hard cement clinker is ready to be crushed, and 
then ground into a marketable product. In addition to 
the above process, there are two modifications of the pre- 
liminary part of it in use, known respectively as the 
“ semi-dry ” and “ dry processes." These apply a less 
quantity of water in the mixing of the materials, the object 
being to do away with the settling tanks, and f thus save 
space and labour. The treatment of the* product in the 
kiln is, however, the same in all. It will be fcsVell here 
to consider what lias happened during the burning de- 
scribed above, and the first striking fact is the enormous 
decrease in weight. Firstly, the whole of the combustible 
portion of the coke has gone, mostly in the form of car- 
bonic acid ; secondly, the 70 tons of slurry has diminished 
to about 30 tons. 

As far as the coke is concerned, assuming that 95 per 
cent, is carbon, the conversion of this into carbonic acid 
has involved the consumption of nearly 38 tons of oxygen, 
equal ttf nearly 166 tons of* air ; next the slurry has lost 
40 tons, 38 tons being carbonic acid, and the atmosphere 
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has thus received from the kiln some 90 tons carbonic 
acid, 128 tons nftrogen, and about two tons of water in 
the#hape of steam. When the last of the coke has burned 
away, there is left in the kiln 30 tons of cement clinker at 
a temperature of 'over 2,000 degrees F., the walls of the 
kiln Jiave also, for some distance* from the^jpterior, been 
heated to the same degree, and before anything can be 
done this mass lnust have become cool enough for removal. 

It is obvious that the heal Retained alter the clinker is 
formed is lost during this cooli*g proems. The value of 
this hetft ig considerable, and would probably be equal to 
nearly one-third of tlie total coke consume*!. In other 
words, it may he assumed that to rc-hyut 30 tons clinker 
with the brickwork of the kiln would take five tons of coke. 

]f this heat could be utilised it would effect a saving of, 
say, 2s. per ton of cement made. Another defect of the # 
process arises from the large size of the lumps of slurry 
put in. Owing to this they invariably consist of (1) an 
over-burnt exterior skin, (2) a properly burnt inner part, 
(3) if at all large, of an under-burnt kernel. All these are 
of necessity ground together; it is impossible to do more 
than make a very rough selection for the mill. 

The clinker now cooled and ready for the mill is ex- 
tremely hard. It has first to he. crushed hv a Blake’s, or 
other crusher to lumps about the size of a walnut, and 
these have to be ground under null-stones. The extreme 
hardness of the material necessitates constant dressing of 

• the mill-stpnes to such an extent that at least a quarter of 

* the stones in a cement mill are always “ up ” undergoing 
this process? Thus, while the steam power required to 
deal with so refractory a material is a very heavy item, it 
is obvious that the maintenance of the mill in a thoroughly 
efficient state involves a constant and serious outlay. 
Another defect arises from the ash of the coke which being 
inextricably mixed with the cement clinker, is therefore 
ground with it, and acts so far as an adulterant. 

Returning to the kiln, we find that each firing involves 
the heating of the cold walls of the kiln to the necessary 
temperature, and again cooling them to the point at which 
it can be unloaded and again loaded up. The kilns have 
to be built of enormously massive masonry, and withstand 
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the strains and racking caused by these constant violent 
changes of temperature. To keep then/ in repair involves 
very heavy outlay, and the first cost of a 30-ton kil*, of 
about 20 feet diameter, and 35 feet to 40 feet high, with 
walls tapering from about 3 feet, with ifs fire-brick? lining, 
is extremely^ heavy. The grounrf space occupied by it is 
also very Jarge. 

It will be seen from the above that the processes of burn- 
ing and grinding the cement are by far the most costly of 
all the operations* involved in its manufacture, and that 
I hey are beset with defects, both scientific and practical, 
of a very seNous nature. It is evident that if any great 
improvement is to be effected in the manufacture, to 
these portions of the process the most serious attention 
must he directed. It is therefore to this part of the w T ork 
(hat Air. Ransom? lias directed his attention, taking as 
his guiding principles economy of fuel, space and labour, 
and he has devised the following process : — 

The slurry prepared by any one of the methods now in 
use is dried on a floor heated as usual or bv waste gas from 
subsequent processes. The soft, friable, and easily 
crushed blocks are now reduced to coarse powder, and are 
then ready for burning. The old kiln is totally abolished, 
and in its place a cylinder of boiler plate is used. This 
is lined with good refractory fire-brick set in fire-clay and 
about every fourth row bricks are set up on end, thus pro- 
ducing a number of parallel longitudinal feathers or ridges 
extending completely through the cylinder flora end to 
end. The outside of the cylinder is provided with tw T o 
smooth rings or rails of iron. In the centre i! third rail is 
wrought into teeth, into which a worm rotated at a slow 
speed gears. The two rails rest on friction rollers, and the 
whole cylinder being set at. an angle with the horizon is 
caused to rotate slowly. This construction though sound- 
ing somewhat formidable, is in practice extremely simple, 
and similar machines, known as “ black-ash revolvers,’ * 
or “ revolving black-ash furnaces/’ have long been, and 
are now, in daily use in alkali works. The cylinder is 
mounted on the top of a brickwork chamber divided by 
interior walls of brick. The two outer chambers are filled 
with bricks piled in loosely, chequerwise, so as to present 
a large surface. 



HISTORICAL 


155 


J 7 

e will now sup{)ose a cylinder to he started, and 
describe the operations. A gas producer lie ing in working 
orde* and delivering its gas at a regular rate is lighted, 
and the flame passes through the cylinder, which in the 
course flf a few hours attains a .white heat. The waste 
heat from the revolver has also passed throng, and heated 
the right-hand division of the regenerator to a bright cherry 
red. A shunt valve is now opened, causing the waste 
gases to pass through the leftjiand regenerator, while the 
gas from the producer is caused tf> flow through the heated 
right-hand chamber, apd thus arrives at the mouth of the 
revolver already intensely heated. The resiflt. of this is 
that an immediate economy of fuel is produced, and to 
avoid over-heat it will he necessary to reduce the gas 
supply. During the whole operation the air necessary for 
combustion is also heated by passing down a separate 
division of the regenerator, where it receives heat from the 
walls of the outer compartments. As soon as the right- 
hand chamber begins to cool, the furnaceman reverses his 
shunt valve and the fresh gas is turned through the hot 
regenerator, while the waste combustion products are heat- 
ing that which lias cooled down. The effect of this 
method of working is thus to return into the furnace the 
heat which in ordinary methods of work goes up the 
chimney. No startling innovation occurs save in the ap- 
plication of the method to cement making. Regenerative 
Furnaces arc in use all over the world, and an intelligent 
Furnaceman will le^rn how to manage one in a few hours. 

Wo hav^now to turn our attention to the cement which, 
taken from tfie drying fl<x)i\ we described as crushed to a 
coarse powder. The powder is lifted by any convenient 
mechanical arrangement to a hopper, placed at the upper 
?nd of the revolver; from this it falls in a steady shower 
through the flame, to the lower side of the cylinder, and 
edges between the feathers. As the advancing side of the 
revolver rises it is lifted until the feather attains such an 
inclination as to shoot it off again through the flame to the 
bottom once more, hut, owing to the incline, several inches 
nearer to the lower end. As the revolver moves on, this 
operation continues again and* again, the powder* is con- 
stantly lifted and shot through the flame in showers. 
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gradually getting nearer and nearer to the lower and hotter 
end of the cylinder, until at last it falls out into a recep- 
tacle at the lower end. In practice it is found desirable 
to rotate the cylinder at such a rate that any given particle 
of cement takes about thjrty minutes to travel front one end * 
to the other, during which time it has been lifted and shot 
through the flame about fifty times. 

The powder has now arrived at the outside of the fur- 
nace, and huving been delivered on to a floor to cool, is 
at once ready for, grinding, that is, it is in the same state 
as the clinker after being seven days in the kiln. Unlike 
cement clirfker, however, it does not consist of lumps 
weighing from 14 pounds downward, and as hard as 
granite, but a coarse, roughly agglutinated sand. Nor 
does it consist of an over-burnt skin, a properly burnt 
inner portion, and a possible under-burnt in most part, 
but if the operation has been properly carried out, each 
fragment has been heated to exactly the proper degree. 
How exactly this heat can be regulated is well known to 
all who have ever used a regenerative furnace. Again, the 
fuel used is gaseous, consequently no mixture of coke ash 
has taken place, and the cement is really and in fact what 
it professes to be. 

So much would have been achieved had the new process 
been introduced with a furnace which had to be cooled in 
order to remove its contents, but — and here comes in a 
source of immense saving not only in fuel, but in repairs — 
.this is not an intermittent but a continuous one.. The 
revolver once started goes on night and day delivering its ' 
hourly quantity of properly burnt cement 'until its fire- 
brick lining requires renewing, an operation that has to be 
performed only occasionally. There is no constant loss 
of time and heat during cooling, loading and unloading, 
as with the kiln, hut the hourly delivery of a ton of cement 
enables a works with two cylinders to turn, out 336 tons 
of cement per w’eek, a quantity that eleven kilns of the 
usual capacity could not produce in the same time. As a 
matter of prudent practice, the inventor advises that a 
spare cylinder with its regenerators should always be ready 
so that a w r orks using two^ylinders would, as a fact, have 
three. In such a works, as soon as a revolver was seen to 
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be in such a state as to require attention to its lining, gas 
would be turned oif to the standing furnace, and in a few 
hour^ it could take up its duty, allowing the shut-down 
revolver to be repaired without any stoppage or diminution 
i of the output. It & needless to s^y that the re-lining of 
a kill} is a very differenf matter, Involving the loss of its 
services for many days. 

t The next question to be considered is the economy of 
' fuel effected by the use of gal; producers, instead of con- 
suming coke, these require only t*> he with slack, coal 
dust, or anything that will burn, fed in at intervals through 
a hopper. A two-cylfhder works would require for its 
daily service probably one gas producer, capable of con- 
verting about 6 cwt. of slack per hour into gas. In 
addition, there should he one similar producer in reserve 
kept going at only one-fifth of its full power, its gas being 
utilised under the boiler or drying floors; it would thus 
always he ready in case of a breakdown to take up its full 
production and supply the revolvers in motion. These 
producers are chambers of brickwork, in which a portion 
of the fuel burning gasifies the rest, a small jet of steam 
being blown in to assist the operation. They consume 
the whole of the coal, nothing ‘escaping hut ashes, and 
thus alone effect a great saving in the stoppage of the 
waste of cinders inevitable under ordinary circumstances. 
Numerous first-rate makers exist, and the use of gas pro- 
ducers Is daily extending in the country, even in places 
where coal is raised either on or in close proximity to the 
• works. Their value as economisers is recognised in all 
furnace operations requiring intense local heats. In steel 
and glass-melting industries employing heats like that of 
the cement kiln, it is asserted that, coupled with the use 
of regenerators, a saving of 50 to 70 per cent, of the fuel 
formerly used is effected. The only use for which their 
value is disputed is for steam raising, though in works 
where they are required for other purposes, even here they 
would effect savings in fire-bars and in wages. Their cost 
is small, they occupy little room, they can be placed at any 
reasonable distance from the place where the gas is to be 
burnt, so as to be in close proximity to the coal sidiiig, any 
labourer can shovel the slack into them, and they do not 
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require constant skilled supervision. As we have before 
stated, there are several forms in use, that of Wilson being 
one of the best. r 

On the occasion of an inspection of Mr. Ransome's ex- 
perimental furnace at Grays, Essex, the revolver was fur- 
nished with gas from a small producer, built by the, works 
bricklayer, which was gasifying about 2 ewt. slack per 
hour; this not only supplied the furnace, but the valve was 
partly shut down to control, the gas, which was neverthe- 
less in excess of what wq t s required, in fact, the producer 
could have supplied, two half -ton revolvers. There was 
accordingly 'here exhibited a consuinption of about 2 cwt. 
slack per ton of cement produced, instead of the usual 
7 to 10 cwt. coke per ton of cement clinker from the kiln. 

The results derived from this plan of gas firing 
are therefore: (1) Possibility of working with regene- 
rative furnaces, thus saving all heat passing from 
the revolver. (2) Use of about 3 cwt. cheap slack per ton 
of cement instead of 7 cwt. coke. (3) Complete com- 
bustion of all fuel, the steam injected being decomposed 
by the red-hot cinders, and producing carbonic oxide and 
hydrogen. In all ordinary furnaces great quantities of fuel 
are lost, and in the shape of. cinders inextricably mixed 
with the ash or mineral matter of the coal. (4) The 
cement is kept entirely free from fuel ash. 

In addition to these the revolver gives us the following 
advantages : — (1) Economy of space, two revolvers with 
their appurtenances, and one in reserve, covering 900 
square feet, turning out the same weight of cement as 
eleven kilns covering 4,400 feet. (2) Continuous day and 
night working, and lienee economy of fuel lost by necessary 
cooling, and subsequent reheating of the kiln walls. (3/ 
economy of repairs, which are simple and cheap. (4) Less 
frequent need of repairs, as the continuous heat involves 
no racking like the alternate heating and cooling. (5) 
Economy in first cost. (6) Economy in grinding, a 
granular sand being produced instead of lumps of clinker, 
whereby crushers are quite abolished, and the wear and 
tear of the millstones greatly reduced. (7) Economy of 
hand labour. Revolver cement can be handled on the 
American elevator system. (8) Improved quality from (a) 
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non-mixture with fuel ash ; (b) no over-burning nor under- 
burning. (9) Increased control over quality of cement, it 
being possible to stop, increase or diminish the flow of 
crushed slurry to vary Us quality at any time. (10) Free- 
dom fiDin loss by accident. Jhe ordinary kiln once 
charged and fired must burn out, whether ehHyged wrongly 
or rightly, while, as before stated, any error iq material 
can be rectified ’in a revolver as soon as discovered. (11) 
Perfect control of temperature. And lastly (12) power of 
varying temperature according t# nature of material. 

The fesujts of 1he # introduction of the Rotary Kiln 
anticipated in this early historical narrative have not, 
however, quite been realised even with B modern plant. 



Clinker Grinding. 

OHAl’TKH XIII, 

The succeeding /and final stage in (lie process (>f manu- 
facture (aftef the calcining of t lie* raw material) is the 
grinding into an extremely tine powder of the clinker 
which comes from- the kilns, and this process has exercised 
quite a large proportion of ingenuity during the past few 
years. So much attention lias of late been devoted to the 
manufacture, that, as regards the mixing of the raw 
materials in their due proportions am^the proper calcina- 
tion of the mixture so obtained, one brand of cement may 
he said to he very much like another, and provided the 
works are suitably designed and the various details of the 
manufacture carried out with care, it may be accepted as 
a general rule that cements differ only slightly in quality. 

The question then arises : --what constitutes a high- 
class cement? To which question the answer is, that the 
true test of quality is not to he found in the brand, hut in 
the tests which the cement can stand, and particularly the 
fineness to which the cement is ground, always provided, 
of course, that the materials are carefully selected and the 
various stages of manufacture are properly carried out. 
Engineers and architects giving any study to this question 
show a singular unanimity in declaring that a finely ground 
cement is far superior to one that is hut coarsely or even 
moderately finely ground. 

It is not intended, however, in this chapter to deal with 
the qualities of cement by grinding to various degrees of 
fineness, but merely to continue with a description of the 
processes generally employed. Indeed, even in this 
respect also it would not he ]>ossible to describe the entire 
number, of mills in the numerous methods adopted at 
different factories, ro a general description of the best 
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known machinery at present used will doubtless suffice. 
It must be explained here, however, that in clinker grind- 
ing, not only is it necessary that a certain degree of fine- 
ness he attained to make a satisfactory quality cement, 
but also that as large a proportion of ^ flour” es pos- 
sible shall be contained in the finished product. 

The first stage in the reduction of the clinker from the 
kilns is generally carried out by an ordinary stone- 
breaker or jaw crusher, which reduces the large lumps 
from the kilns to t he si/,« of about one inch cube, and 
from this crusher'tlie clinker is conveyed to the fine grind- 
ing plant. * 

In the case of clinker from the rotary kiln the pre- 
liminary crushing 'is sometimes dispensed with, as in this 
case the clinker, when issuing from the kilns, is generally 
in the form of small rounded balls. In the event, how- 
f ever, of large lumps of clinker coming from the rotary 
kiln, crushing rolls are generally provided to do the 
same work as is carried out by the stone-crusher in the 
case of clinker from other kilns. 

Until about twenty years ago the clinker grinding plant 
invariably consisted of millstones, but as the require- 
ments of cement users became more stringent, with regard 
to the fineness of the powder, so more economical and 
more efficient means have had to be provided, and these 
have resulted in the designing of new machinery for grind- 
ing the clinker into cement. 

’There is little doubt that the grinding of cement bv mill- 
stones in ages past required a considerable amount of care 
and watchfulness, which, if neglected, added materially 
to the cost of manufacture, and it has been held that the 
cementitious quality of Portland cement ground by mill- 
stones was generally superior to the cement ground by 
other machinery, the stones being supposed to produce an 
angular rough grain; but upon examining the different 
samples of cement ground by various methods, it is ob- 
served that the difference, if any, in the shape of the grains 
is very slight indeed. The millstone for cement grinding 
is now, therefore, obsolete. 

The question has often boon raised as to whether or not 
certain systems of clinker reduction produced sufficient 
flour in the finished product, and in this respect it should 
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be mentioned that some systems have methods of crush- 
ing and others of grinding, and thefe is a noticeable 
difference to the touch in the two products— 'the crushed 
product being loss “ velvety *’ tliqn that from a tube or 
similar mill. This is accounted for in tii£ operatiomof tube 
mills by a slow rubbing‘and rollihg down of the eepient, 
just as m jit lire rolls and rubs down the tine sand found in 
sea and river hods, fn the crushing method of reduction, 
however, the pni tides are broken into the most minute 
form, but even in, its tini(died state the product is sharp. 



Vertical Section of Ball Mill. 


clean and natural, the fracture exposing a nascent surface 
often chemically considered the host shape for reaction, 
hut as to the practical results from the same cements 
ground by different processes to the same degrees of fine- 
ness the usual physical tests show, perhaps, one product 
to he as efficient as another. 

fn the better equipped and more modern works the pre- 
liminary grinding of cement clinker is carried out by the 
ball mill charged with heavy steel balls, and from this 
mill the coarsely ground material is conducted to a tube 
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The baM mill consists of a short cylindrical Arum, lined 
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with overlapping steel plates. The drum is mounted on 
and revolved by a steel shaft, which runs through it. 

The drum contains steel -balls from 5 inches to 2 indies 
in diameter, and the material fetk to the mill is crushed 
and partly ground by injpart. # * • 

When the,ftiateriai is 'reduced to a certain size it passes 
through’ slots or holes in the lining plates to a sieve sur- 
rounding the drum, which retains the coarser portion and 
returns it to the drum, and allows the finer portion to pass 
out of the mill. , , < 

For the finishing process — the f\ne grinding proper— 
the tube mill is employed, which grinds by means of tin* 
round Hint pebble^ or small balls contained within it. 

The tube* mill consists of a long wrouglit-iron revolving 
cylinder, carried on hollow trunnions at both the feed and 
delivery ends, and is about one-half full of rounded flint- 
stones. The coarsely-ground cement is fed from the ball 
mill into one end of the tube mill, and the rotary action of 
this mill, similarly to the hall mill, finely pulverises the 
cement as it passes through the falling flint-stones to the 
delivery end. 

'Pile finished cement is ground sufficiently tine to pass 
through a 70 by 70 mesh sieve with under 1 per cent, 
residue, or 10 per cent, residue on a 180 by 180 sieve, and 
although finer grinding is rarely demanded by the trade, 
it can be readily accomplished by the manufacturer (if 
necessary) at the ex|>ense of a reduced output from the 
mills, , 

In describing the tube mill, attention should be directed 
to the sketch of this mill. f 

Fig. 1 is a longitudinal section of a tube mill. Fig. 2 
a plan of the mill, Fig. 3 a cross section of the drum, Fig. 
4 a view of the feeding end, and Fig. 5 a view of the dis- 
charge end of the mill. The drum varies in size, the one 
illustrated having an interior diameter of 3 feet 11 3 inches, 
an interior length of 1 0 feet f> inches, and revolving at the 
rate of 29 revolutions per minute. The drum consists of 
iron or steel plates half an inch thick, has cast steel ends, 
and is lined with hard cast-iron plates. The grinding balls 
or flinf-stones are introdu!*ed through a manhole, whilst 
the material to he crushed is fed an A discharged through 
the hollow 1 trunnion cast together with, the end walls. The- 
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material passes first of all into a hopper o, in which a 
studded shaft rotates. A longitudinally grooved drum b 
regulates the supply of material. , 

I he drum is rotated l>v toothfd wheel gearing and 
a pair of five-step pulleys at different sjieeds, and 
contains a f^W balls, which serve to shake the dnim, 
and tboreljy ensure the emptying of its grooves. The 
material supplied is conveyed by a screw or worm 
into the hollow trunnion oi). \ho lclt side, Fig. ], and 
then passes in # tlie previously described manner’ into 
the drum, through the latter and through the Saturn c 
into the outlef trunnion on the right, .side. The'inlet trun- 
nion on the left, side lias blades which prevent the 
nails or stones from dropping out. The grating 



is provided with slots of about one inch in diameter 
The material passes therefrom into a> hopper (I attached to 
the trunnion. A perforated screen is connected to the 
hopper. The slots of the screen are 5-10 inches in width 
and l«Mh inches in length; they permit the sufficiently 
pulverised material to drop through whilst \orv hard' par- 
ticles which arc not crushed, and splinters of the flint- 
stone halls, are retained and subsequently drop out on the 
right side, Fig. 1. The sie ve is enclosed by a casing, out 
of which the air is drawn by means of the pipe c, so that 
air enters all permeable parts, thereby preventing the exit 
of dust. A great advantage of the mills in which the 
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material is fed and discharged through the hollow trun- 
nions of the drum! consists in the facility of rendering the 
sam® free from dust. If, however, the discharge of the 
material is effected through slots in the drum casing near 



to the rear end, a comparatively tight closure is not pos- 
sible, and the confinement of dust cannot he guaranteed 
by the suction of air. 

The above described mill will produce the following 
results : — 


Material 

IV Itm man 
j Crushinn 

; enrii'Kpomlmj' 
to Sieve 

Output 

Jhs. 

Ke.mdlie 

ISO 

ISO 

upon Sieve a 

! HO 

HO 




0 


o' 

Raw Limestone 

ISO 50 

7,150 

20 ! 


0.75 

Ditto, another kind 

30 30 

7.700 

20 ! 


1 

Ditto, another kind 

50/50 

7,000 

15 i 

I 

1.5 

Cement clinker 

50 50 1 

5.500 , 

14 

1 

0.2 

Ditto, another kind 

30 a 30 

5,500 | 

20 

1 

0.0 

Ditto, another kind 

30 / 30 

7,700 

2.-, 1 

1 

1.5 

These tube mills are made with a 

diameter of 3 ft. 

12 in. 


to b ft. or more, and a length of 111 t > > •• ft . Their 
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efficiency depends to a large extent on the kind of material 
treated and the degree of fineness desired and of course 
hI so on the initial size of grain, which is obtained by*pre- 
liminury crushing. 



“ Griffin ” Mill Arranged for Dry Pulverising. 


Grinding mills also adaptable for use with clinker from 
the rotary kilns are the “ Griffin " mills and Edison rolls 
— now often used in American works— and the “ Komi- 
nor *’ rfiiil . similar to the Hall mill. 

, The Griffin mill takes the product as it comes direct 
from the rbt ary kiln, and the pulverising is done in one 
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operation, and is discharged from the mill in the form of 
a finished product without the aid of an^ auxiliary sifting 
or separating device. This mill is an American invention 
that has also found much favour 4 in modern factories in 
England. A heavy steel roller is attached to the ‘bottom 
of a steel shaft which is" provided *at its upper end \\ith a 
hall and socket joint. When the shaft is given a gyratory 
tool ion, the roller presses by centrifugal three against the 
inside surface of a heavy sJcM ring where the grinding 
takes place. The material which drops below the roller 
is thrown up again by steel blades that are also Attached 
to the shaft,* and when finally of sufficient fineness the 
powder escapes through sieves above the ring into a hopper 
below the mill. From here the finished product is auto- 
matically conveyed to the cement stores. 

The Edison system of reducing cement clinker is that 
* of a maximum of crushing with a minimum of grinding, 
and produces a very even product. The reduction is 
effected by rolls having corrugated crushing surfaces, 
which never touch in the act of crushing, a rather thick 
stream of material being passed through. These rolls run 
at a high peripheral speed, under great pressure, and are 
so arranged that the pressure can he changed when run- 
ning, without altering the distance apart of the rolls, or 
the rolls may he set up to allow for wear of crushing sur- 
faces, without altering the pressure. The crushing plates 
are of chilled cast-iron, and renewals are said to cost very 
little in the case of grinding cement produced from rotary 
kiln clinker. * » 

The cement clinker in a- size which will, pas’s through 
n J-iti. mesh screen is fed to the rolls, and after passing 
through them is carried in front of a series of blowers. 
Hero the cement which is reduced to the requisite fineness 
is blown out and collected in settling chambers, whilst the 
coarser material is returned to meet the incoming clinker, 
and is again passed through the rolls. The capacity of 
this system is very great. A number of sets are now run- 
ning each 30 inches in diameter bv 8 inches width of 
crushing face, and producing from rotary kiln clinker 100 
barrels barrels to the ton>per hour of finished cement, of 
which 8f> per cent, will pass through a 200 by 200 mesh 
screen, with a claimed consumption of power* of about 
10 h.p. hours per ton. 
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The illustration on page 1(11 is that of a self-contained 
set of rolls on tilts system. specially designed for a small 
output. These rolls will reduce cement clinker to such a 
fineness that flu per cent. will pass through a *J(H) mesh 
screen «with lit tie •increase in power. 



" Kominoh " Mux k»ii (Jimniuno (’kaiknt. 

The Kominor mill is a. development of the ball null, 
as a coarse grinder, but both tin* GnUin and Edison mills 
combine the crushing action of the balls with the 
“ flouring** actmifof the tube mill. 

The fineness to which a cement is ground determines 
chiefly its usefulness for constructional purposes; for when 
a. finer cement is mixed with the aggregate to be used in 
concrete it gives a higher average strength than that mixed 
with a coarser-ground cement. A fineness of about UO per 
cent, passing a 180 by i80 mesh sieve is generally attained 
in modern practice. There is, of course, a point beyond 
which it is not economical to carry the fine pulverising 
of cement, since the same result can be obtained by using 
slightly richer mixtures on the work, but what this point 
is must be determined by experience. 

The qualities of cement as regards tests of grinding are. 
however, jlealt with in another chapter. 
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The Mode of Operation in ' clinker grinding by ball 
mills, arid perhaps especially in tube mills, has been ex- 
plained by recent investigations carried out by the plant 
makers and relative particularly to the tube mill. For a 
number of years past, e\|>erts have in .vain endeavoured 
to explain precisely the etfect of h'ie operation of grinding 
by these mat-hines, and this matter has been elucidated 
by the following description of the working* and mechanical 
efforts of such plants 

The operation of dinkey grinding by ball and tube mills 
is curried out in\i closed receptacle; the only visible evi- 
dence of the 1 work accomplished being the incoming and 
outgoing material. As for the rest, one must resort to 
reflection, to* a comparison with known operations, 
which are deemed to he analogous to the operation in 
question. 

Consequently, specialists have been of the opinion that 
in the ease of the tube mill for instance the flints roll on 
the slope of the contents of the drum and shift in the bulk 
of the material to be crushed, thus crushing the latter 
between the flints and the drum, while the material passes 
from the feed to the discharge end of the drum, as the 
ojiening at the feed end is higher than at the discharge 
end. 

Recent experiments have now' rendered it possible to 
observe the operation in the interior of the drum. These 
observations give the result that the hitherto generally 
acknowledged opinion is fundamentally wrong, that espe- 
cially the tube mill does not appreciable gfind the material 
either on the slope or in the interior of t[ie» bulk, but 
crushes the material by impact or a so-called inclined 
heating action, and that a higher position of the feed 
opening as compared with the discharge opening is of no 
importance for conveying the material. 

For the purpose of the experiments in question, a drum 
chiefly consisting of glass was used, and then a larger one 
was constructed in w r hich the inspection of the interior of 
the drum was rendered possible by an interchangeable 
grating, and finally a drum of 39| in. interior diameter, 
constructed similarly to the latter drum, was used for the 
experiments. The drum was first operated without 
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material and then with material of different kinds which 
would not give off dust, at varying speeds of rotation. 

The discharge end of the drum. 30 j! in. in diameter, was 
onl\ closed hv a wire grating. Figs. 1 and 2, so that the 
interior ^jf the drum was clcarlv visible. The drum con- 
luined'Oiilv rounded slot* halls of.fhnt-stono* of about *22 
in. in diameter. The height of arch of •this, charge 
was about 17 ; { • in. when the drum was in* a state 
ol rest. The drum was Mien turned slowly |>\ hand 
until a lew balls or stones begSn to mo\e on the surface of 
the hull* Fig. (\ showing balls, reprints tins stage. 
Then the dftnn was si* in operation. 



Ik;. 1.— 'K)j{ in. in am . Kkkinnimj of Potation. 

At a- rate ot 21 and 23.1 revolutions per minute, 
tile balls rolled rather slowlv down the slope and 
the height ol the bulk increased a little. As the speed 
increased to 2 S , ,*30 and 32 revolutions per minute, the 
motion on the tree side of the bulk became more lively 
and a more and more visible looseness took place : the 
height ot the bulk increased to about 2N"* in. Fig 2 is an 
instantaneous view of the operation when the drum was 
revolving at 32 revolutions per minute. The balls # whieh 
are in contact with the drum below and on the^ascending 
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side, are carried along without changing their position 
relatively to the wall of the drum, uVitil they separate 
therefrom at a certain height and describe a somewhat 
distinct curve of projection. The halls or flints located 
farther inwards also do not change their position -with re- 
gard to the drum when ascending, hut a curve of projection 
is hardly perceptible on the descending side. 

As the speed increased to do revolutions per minute, the 
contents of the drum were still more loosened, so that the 
height increased to 25 H * i>|. The curve of projection of the 
halls which werh raised when in contact with the drum, 
was clearly \isihle, and also the halls farther inward 
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separated in liners. On the ascending side, about 7; in. 
from the wall of the drum, a. few halls rolled in 
a hollow space ot o\al cross-section without inter- 
mingling with those moving farther outwards. The hollow 
spaces between the several layers on the descending side 
were, rather clear and visible throughout, whilst on the 
ascending side the layers were arranged closely upon each 
other. Figs d and 4 are instantaneous views obtained 
with a drum 11 J in. in diameter, and revolving at 
rates of 50 and 6(1 revolutions per minute. A comparison 
of both illustrations clearly shows how the looseness of the 
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contents of the drum increases with the speed. If the 
speed of rotation te still somewhat increased, the balls will 
fornj a solid ring revolving with the drum. A shifting of 
the balls is not perceptible. Fig. 5 is an instantaneous 
view of«the interior of the drum, Mg in. in diameter, when 
revolting at a speed of $5 revolutions per minute. 

A large quantity of material producing no dust was now 
thrown into thiff drum. The material moved in the same 
manner as the balls, as wa.4 anticipated, then entered the 
hollow spaces between the fmljs and ascended and de- 
scended*with the latter. 



• „ 

Fig. :j — in. iham. 6!i Uevolutionh i*kic Minute. 

A difference was only noticeable in so far as the pre- 
cipitated layers were less sharpK demarcated and the 
particles of material were spurted laterally, especially at 
that s|K)t which was hit b\ the mixture rushing down 
like a water-jet. Hardlv any material was noticed in 
the contracted oval hollow space. 

It has already been stated that a sliding or rolling motion 
between the halls, or between the halls and material, does 
not take place except at the striking jioint and in tbe oval- 
shaped hollow space. Since the latter is almost free from 
material, ^ crushing action — at least one of a®y import- 
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ancfr—can only take place at the striking point, where the 
falling balls are violently forced upon the'* material located 
between them and the balls which have been previously 
operating. The former substitute the shoes of stamps 
and the latter act as a substitute for th£ dies of a 'stamp 
battery. The brushing is effected by stamping or beating. 
The action, however, differs from that in stamp batteries 
in so far as the horizontal motion of the falling balls is 
opposite to that of the balls revolving with the drum. 



Fia. 4.— lip: in. diam . G(> Hkvom'tionh rtn Minutk. 

• 

In Fig. 0 the eune of projection of the bads is shown 
as ascertained by calculation. Jt is assumed that the 
drum, in. in diameter, revolves at the rate of 31 revo- 
lutions per minute and derangements caused by atmos- 
pheric resistance, neighbouring halls and material are not 
taken into consideration. A hall situated on the wall of 


the. drum is separated therefrom as s<xin as the component 
of gravitation which is directed towards the centre of the 
drum, i.e. % wq sin has become equivalent to the centri- 


fugal force : the hall then moves in a line of projec- 


tion according to the equation : — 


00S + j.2 __ 9 

sin \p - v* sin*^- 
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This is the line A,A l ,A s . Fig. 6. The perpendicular 
velocity of the ball retards until it becomes zero in the 
vertex A\ of the line ol projection; consequently, the 
velocity in the direction of the path of projection will also 
be retarded, and the balls whiyh were situated at some 
distance apart from each other on the •drum casing, 
approach one another. 

The balls located on the wall are represented in the 
figure at such a distance apart that they touch each other 



I<i(i. i) i am. !)[> .Revolutions i'En Minute. 

in the vertex .fi. It thus follows that the material be- 
tween the halls is partly forced aside and that the balls, 
il arranged on the drum at a less distance apart from each 
other, would knock against one another and affect their 
speed. The si tape of the path of projection would thereby 
be altered. 

When a hall has reached the vertex .1,, without such 
derangement, it moves along the path of projection at an 
increasing speed, so that the distance between two neigh- 
bouring balls increases as shown in the figure, which 
corresponds to an accurate calculation. « 

A second layer of halls begins its path of projection at 
the point # B, a third at the point C, &c. These paths of 
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projection are not so exact as A , A%, As, because the balls, 
when moving with the drum are located in circles with 
less definite radii. As already stated, the current*, of 
material and balls following the path A, A lt A 2 , could, how- 
ever, be very clearly distinguished from the current follow- 
ing the path,®, B lt B 2) during tl5e experiments, Bo.that 



Fig. 6.— View of the Curve of Projection of the Ballb 
in the Tube Mill. 


it was possible to look between the same. The hollow 
spaces between other currents varied in size and clearness. 
The previously mentioned oval-shaped hollow space D 
changed its shape constantly as some halls were regularly 
moving therein. 

There is no reason for the material to move differently 
to the balls, when it is not pushed aside by the latter. 

Since balls and material, up to the starting points A , 
B, C, &e.,‘ of the paths of projection rest with, regard to 
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the drum, a grinding action can only take place beyond 

these points. Tne decrease of speed between A and A u 
&c» however, is so small that up to the vertices 
Bu &c., appreciable crushing cannot be expected. 
From\he vertices to the striking points /!», Bg f &c., the 
current lengthens, and crushing is impossime along these 
paths. Only ^hen a. downward rushing ball <u), Fig. 7 
drops upon the material* supported by a previously 
operating ball (b) or directly by the drum casing, the 
material will be smashed and,® as the ‘supporting surface 





moves transversely to the direction of the projection, at 
the same time triturated. 

Owing to the force of the strokes, the balls located near 
to the striking point will undergo a certain displacement, 
which, however, can hardly produce a crushing action of 
any importance. 

• • 

The erushing action thus depends on the height 
of fall the halls — i>., on the height of the vertex of 
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the path of projection over that point wheje the balls strike, 
on the speed of the drum, and on the weight and the 
number of balls. The speed of the drum must bfc so 
chosen that the paths of projection* can be well developed. 
Weight of balls and height of th^ir fall' supplement each 
other in so f 9t as they are factors of a. product. Harder 
material requires heavier balls or a greater height of fall 
than softer material, and steql balls can have the same 
efficiency in smaller drums a* flint-stones in larger drums. 
The larger the , quantity of balls acting on a ( certain 
quantity of material, the better thq crushing. If more 



Fig. 8. 

material of the same kind is to be crushed ‘to the same 
degree of fineness within a certain period, the quantity of 
balls — and consequently the length of the drum — may be 
greater. The respective numerical values can only be 
obtained on the basis of extensive experiments. 

In the further course of the experiments, the discharge 
end of the drum — Fig. 8 left side — was closed by means 
of a sheet-metal bottom (end wall), having in its centre 
a trellised opening of 7J in. in diameter. To the feed-end 
wall was fitted a hollow cone e of sheet-metal — Fig. 8, 
right side. The opening of this cone on the drum side — 
19JJ in. in diameter — was trellised and partly covered by 
an immovable plate c secured to tlje machine 'frame, as 
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represented in Fig. 9. The material was now introduced 
through a manhole in order to quickly obtain the middle 
charge, and then the drum was set in operation at the rate 
of 3*2 revolutions pet minute. A further quantity of 
material was thrown ip to the .mill hv hand-shovels. It 
wasceadily taken through the free opening pf the grating, 
so that each shovelful rapidly vanished. Or\ the outlet 
side, the material was discharged through the meshes of 
the grating, conformably # tc* the curve of the projection. 
The discharge of t ho material# thus tgqk place at a con- 
siderably higher levyl than the feed opening. 



Consequently, the progressive motion of the material 
from the feed end to tlu* discharge end — which is required 
by the tube mills — does not depend on a difference of 
height between inlet and outlet opening; there is no 
need to have the inlet opening placed higher than the out- 
let. opening. It is only necessary that the inlet opening is 
provided at that place where the contents of the drum are 
loose enough to receive the material, or where the drum 
is empty, and that the moving contents of the drum pass 
by the outlet opening. The drum acts dike an ejevator, it 
lifts the halls and material innumerable times to a con- 
siderably height. In view of the sum of theg£ risings, not 
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even the greatest possible difference in height between 
inlet and outlet end would be of any influence. An 
accumulation of the material cannot take place, because 
material and balls, inasmuch as they move with regard to 
the drum, form a very ^oose mixture,' which reddily re- 
ceives the material. ' # ' 

Now by what means is the material compelled to pass 
through the drum? That material upon which a falling 
ball drops, will considerably »spurt on all sides and be taken 
up by the neighbouring kollow space*. If much material 
is located on the point of stroke, pinch material will be 
distributed (herefrom, otherwise there is little effect. 
Consequently, th^se parts of the contents of the drum, 
which are richer in material, deliver more material than 
is returned by the parts poorer in material, whereby the 
probations of the mixture are equalised. Owing to the 
great degree of vivacity at which the contents of the drum 
rise and fall — it was observed that some halls passed over 
their path twice during one revolution of the drum — this 
equalisation takes place ven rapidh. At the discharge 
end, the material which spurts aside passes through the 
meshes of the latticed opening, whilst the halls are re- 
tained. Thus, on this side, the mixture will he poorer in 
grinding material, so that the said equalisation is directed 
hither. 

In another trial, the feed-end wall with the conical 
attachment c, the grating and the screen v were removed 
and replaced by another end wall wl^pse conical attach- 
ment was 13 J in. in diameter, and provided with two 
helical blades. These blades revolve with the drum, and 
an* so shaped that they prevent the halls from being thrown 
out of the mill, without impeding the discharge of the 
material. The phenomena did not undergo any appreci- 
able change and no accumulation was noticed. The 
experiment, however, enabled a good view through the 
entire length of the drum, as the gaps between the helical 
blades permitted the light of an electric incandescent 
lamp to penetrate, and which sufficiently illuminated 
the interior of the drum. Tj was thus }>ossil>lp to look from 
the discharge end of the drum through the hollow spaces 
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between the falling layers and also partly beyond the fall- 
ing material. • 

Ffom these observations it appears that the grinding 
operation in a tube-mi^ is related to impact action which 
naturally depends upon the weight of individual grinding 
bodie^ and the path the\* travel ; Itut from laijr experience 
it is also true that the surface action of grinding media 
must not be igAored in the mode of operation ‘in clinker 
grinding. 
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c Power and Factory Efficiency. 

CHAPTER XIV. 


Having now completed a ‘detailed description of the' 
various processes connected with the manufacture of 
cement and of *the plant commonly used in^tlA; various 
department* enumerated, it is necessary to briefly describe 
the motive power for cement factories, and to consider 
finally the circulnstances under which efficiency in pro- 
duction can best be secured in the co-ordination of the 
work of supervising factory running. 

Motive Power. — It is unnecessary to dilate at length 
upon the power plants employed in cement factories, as 
this is a subject common to all industrial plants, and 
since there is no particular power generating plant especi- 
ally applicable to cement factories, no attempt is made 
to urge one process of a subject of common knowledge in 
preference to others. 

It might, however, be stated that a safe unit of motive 
power to adopt in cement works is two-horse power per 
ton of weekly output reckoned upon continuous night and 
day running and varying with the materials dealt with 
and the plant and process employed, viz. : — Weekly out- 
put x2» total I.H.r. required. TlAs ,as a* rule would 
leave a margin for contingencies. » 

Whether an up-to-date steam generating plant with 
vertical or horizontal steam engines with direct or with 
electrical transmission be adopted, or gas plants with or 
without bye-product recovery, or whether plant of the 
turbo-alternator type is used, this is a department of the 
manufacture which is usually left to the discrimination, 
experience, and personal views of the cement maker in 
settling the layout of hi*« own particular factory. Due 
regard must of course he paid to economy in installation, 
cost per h.p. hour, and more than either, perhaps, loss of 
output due to stoppage for adjustment and repairs with 
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plants that are very heavily worked, in night and day run- 
ning, under condifions which are abnormal in regard to the 
dusty and gritty atmosphere arising from cement manu- 
facture. • 

► All df the abtfve methods of power generation are 
adopted to-day in cement manufacture — cxcagt perhaps in 
the detail of bye-product recovery with gas plants — and 
each has its particular adherent and enthusiast, ‘but since 
so much can be written upoiyi subject of this description 
and which, perhaps, after all js one gf expediency and 
personal* experience and opinion — applying similarly to all 
commercial undertakings requiring mechanical power — it 
is not proposed to enlarge upon this subject. 


In regard to the broader issue of factory control, it 
should be added that the recording of efficiency in engines 
and machines has long received constant attention, but a 
deeper and still more important phase is the productive 
efficiency in manufacturing operations generally. 

In any manufacturing industry the same principles of 
efficiency can be discerned as those pertaining to any 
engine or mechanism, hut for this purpose the whole works 
must be conceived of as one machine, into which the raw 
material is entering at one end and from which the finished 
product is 'flowing at the other end. All the various 
machines, processes, and departments are hut the wheels, 
links, and glaring of this one machine, and each should 
therefore he considered as a part thereof, and not as an 
indeyiendent unit, if high efficiency of the whole is to he 
attained. 

In all classes of manufacture instances may he seen 
daily of one department, or even one machine cramping 
and reducing the output of the whole plant, and thus 
lowering its productive efficiency, in exactly the same 
manner as the efficiency of any engine or motor may he 
lowered through the bad design or workmanship of one 
part. v 

The problem of discovering and measuring the various 
obstructions, resistances, and other sources oHoss which 
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lie hidden in all manufacturing processes is a most im- 
portant one. Jn every industry there" is a primary unit 
of measurement, which if carefully selected and applied, 
will prove of the greatest assistcnce in effective factory 
control. This unit for the measurement ofii works* 
efficiency istthe ideal Ynitput capacity of the dominating 
machine or department in that particular industry, to- 
gether with the total capacity of the ‘factory. By its . 
employment the obstruction * of the flow of work to and 
from the particular plan} inay be traced and measured. 

The preparatfon of curves for the recording, of claily out- 
puts from each section of the factory will provide a weekly 
summary of results from which a monthly and annual 
diagram can be'readily prepared, thereby allowing at a 
glance a clear history of factory running and the causes 
of erratic output. 

The ideal output capacity is adopted as the unit of 
measurement in order to obtain a measure which will not 
require altering from time to time, but will remain 
definitely fixed for long periods if not permanently. Its 
adoption does not connote the desirability or even the 
possibility of raising the works output to this standard of 
perfection, since, even if that were possible, the cost might 
exceed the gain. If the unit of measurement be called 
100 per cent, the output of other departments (or 
machines) can be compared with it. when it may be found 
that sections such as quarrying, raw milling, burning and 
grinding, are individually giving results equ^l to 50, 60, 
70 and 80 per cent, efficiency. The dominating depart- 
ment could easily produce, Ray, 90 per cento if given the 
opportunity, but is throttled down by certain sections 
shown by the curve. 

For instance, the summary curve may show that depart- 
ments, say 1 and 2, are restricting and hampering the 
flow of work for all the rest of the plant, and that it is 
only by means of extra trouble and exertion that the work 
can be forced through these two at anything approaching 
the capacity of the rest of the plant. If suitable improve- 
ments may be made bv which their capacities are raised 
to, say*, 80 per cent., bettor, though not entirely satisfac- 
tory, results are obtained. Further attention to the 
weaker lifiks may finally bring th^ whole plant up to a 
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uniform and harmonious rate of efficiency, but before the 
ideal 100 per cent? could be reached there would come a 
point beyond which it would not pay to go. This point 
can be decided only byicareful attention, but is lower or 
► higher according ft) skill in management. 

In qpme cases special care is ne'cessary in*§eleeting the 
unit of measurement, so that it will satisfactorily cover 
and include all* departments. The dominating depart- 
ment in cement factories, the requirements of which govern 
the output of all the other departments, ajid towards which 
the product # of each of these flows, should *be and probably 
is the kiln plant. Its output capacity, as ‘it would be 
under perfect conditions of supply of the needful material, 
is therefore taken as the unit of measurement, and the 
actual average output ol all the other departments is 
gauged by this standard. As soon as this is done it will 
probably be found that some department is specially 
culpable in holding back output. 

The total output depends upon the running of a 
number ol different sections of the plant, thus making 
it easy to see the cause of delay. The underlying 
principles hold good not only lor a whole factory, but 
equally so for its departments. The ideal output 
capacity of the department at fault may thus be used 
as a measure of efficiency for the various machines 
which are working parts, and thus the deficiency may 
finally be traced to the faulty mechanism, design, or 
system of handling responsible. Tn fact, this is what is 
actually being dcyie every day — more or less subconsciously 
perhaps — bv *every capable works manager. 

Tt is not- suggested that every department should be 
brought up to one inflexible standard of output, even were 
this possible. Tt is often wise to have considerable elas- 
ticity in the capacity of a department by means of efficient 
and economical storage to provide against breakdowns, 
but no plant should be kept normally running at a low 
output solely on account of its possessing one weak link, 
when the remedying of that one defect would both in- 
crease and cheapen the rate of output. 

Output alone does not constitute efficiency, • but it 
reduces costs, and where there are several different 
machines, i/processes, or departments dependent upon one 
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another, then the low output of any one of them will 
lower the productive efficiency of the plant as a whole 
no matter how excellent the individual efficiency of 'each 
separate item may be. * 

It is surprising how often resistance and obstruction • 
to the tlow (vf work are ‘due to some comparatively trifling 
cause. ’A common source of hindrance is the placing of 
plant in positions relatively unsuitable, so that the 
material dealt with by them requires much unnecessary 
handling and also gets it; the way of other efficiency. It 
is specially objectionable for work to be brought back 
against the outgoing stream, thus cheeking the flow of the 
freshly advancing’niaterial. So important is the relative 
position of one machine to another now reaped to be that 
manufacturers must give special study to the planning out 
upon a hoard of these respective positions before agreeing 
upon a final lay-out. 

The ideal system is, of course, such that the material 
goes on from machine to machine, or from process to pro- 
cess, without having to turn hack upon or in any way 
obstruct that which is following. In some classes of work 
this course would follow a- straight line while in others a 
zigzag path would better satisfy the requirements, each 
different process having its own peculiarities. 

A frequent source of inefficiency is the running of any 
process intermittently instead of continuously. This 
factor is often neglected or not considered of much im- 
portance. . < f . 

It is impossible to make suggestions* lor the infinite 
variety of plants in handling or conveying' the material 
which occurs between machine and machine or process 
and process, but whether the material be heavy or light, 
hard or soft, wet or dry, the same principles hold good, 
uud the same importance attaches to seeing that the mere 
handling is not setting up a back-pressure to the flow of 
work, and-thus lowering the efficiency of the whole factory. 

A daily or weekly curve record of defective working and 
of stoppages and breakdowns would prove of great help 
towards tracing the inefficiencies and weaknesses of any 
section of the plant. It would often be found that some 
little fault, defect, or stoppage, very trifling m itself, was 
being repeated over and over agaiij, from day, to day or 
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even from hour to hour until it became multiplied into a 
figure of serious import. 

An efficiency diagram might be plotted from day to day 
in each department, shoeing the benefits of improvements 
made and indicating the units still requiring attention, 
^hese diagrams could with udwwitage be prepared by 
works ‘managers, where they would show ift a . glance 
the exact departments or processes most in *uced of 
* attention in regard either to costs oi to efficiency. 

The curves are applicable nof merely to new works speci- 
ally planned and laid out in accordance \vith best practice. 
However old a plant tuny be the same principles apply 
equally well, and in many cases all that is necessary to 
attain good results ma\ he a few alterations of relative 
positions of machines, conveyors or elevators and the pro- 
vision of means for giving the plant free opportunity to 
work. 

A plant with machines or departments of only moderate, 
but uniform, individual efficiency so arranged that a mini- 
mum of resistance is offered to the flow of work, is pre- 
ferable to a plant with machinery of high efficiency but 
badly arranged. In the former case the whole plant, can 
be worked smoothly at the highest efficiency its machinery 
will give, while leaving the management time and energy 
to raise the efficiency higher still ; but in the latter case 
the high efficiency of the machinery is not allowed to 
display itself, but is hampered and wanted by the had 
relative arrangement of departments or machines, while 
the energy rtnd attention of the staff are consumed in over- 
coming the internal resistances which oppose the course of 
the products at every step. 



Chemical Analysis. 

CHAPTER XV. 

The chemical analysis 01 cements, if taken in conjunc- 
tion with the mechanical and physical tests, affords much 
desirable information in the selection of a good quality 
material; indeed, it is almost necessary that both the 
chemical and mechanical examination of a cement should 
be made before the positive pronouncement of quality can 
be given, and when both have been ascertained, the suita- 
bility and efficiency of a cement for any given purpose can 
be at once accurately determined. 

As to the progress which has been made in recent years 
in the testing of cements, it is clear , that there lias been 
a substantial improvement in the application of well- 
known processes, such as the mechanical and chemical 
modes of evaluation, but there has been little alteration 
in essence. 

For example, there has been no successful attempt to 
appraise cement from its proximate composition, although 
that is the natural and right method of deciding its quality. 
The most pressing and practical of all the questions 
relating to the composition of cement is tjie determination 
of what is called “ free lime,” and many have been the 
prescriptions put forward for the purpose. On examina- 
tion, ail fail, and there is nt the present time absolutely 
no method of determining by any chemical process 
whether a given cement, contains free lime or not. There 
is no known method of extracting “free lime,” if such 
exists, from cement without at the same time acting upon 
and decomposing the energetic unhydrated compounds 
which constitute the cement itself. 

As to the value of chemical tests, it is not definitely 
known >just what part is played by each of the compounds 
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tMfct constitute present-day Portland cements, and chemi- 
cal analyses do not explain the manner of the occurrence 
of these compounds. The definite aid which chemical 
analysis, therefore, may render at the present time in 
determining the quality of a cement is limited to ascertain- 
ing that the essential compounds# are presenj; in the pro- 
portions which experience has proved to be Accessary or 
most desirable for the cement in question, • 

* Neither complete nor partial chemical analysis of the 
constituents of hydraulic materials can therefore be ranked 
as infallible tests, or tests of primary importance. But 
chemical analysis may render real service iij controlling 
the classification of a product concerning which there 
is reason to doubt the declaration of the manufacturer. 
Thus, a slag cement can be distinguished from a Portland 
by its composition, and also certain natural cements. 

The actual chemical constituents of a well-made sample 
of Portland cement may be as under (example A), and the 
calculated composition of a cement burned from the sample 
of raw material referred to previously is also given 
(example B), viz. : — 


(A) 


Lows on ignition 
Silica (SiO,) 

Insoluble 
Alumina (Al,OaJ 
Oxide of iron (Fe|0 8 ) 
Lime (CaO) •... 
Magnesia (MgO) • 
Sulphuric anhydride 


Potash) 
Soda \ 


and Iobs 


Per oent. 

(B) 

Per cent. 

1.22 

* 


21.44 


... 26.28 

.60 



6.76 


6.23 

3.17 


2.99 

63.04 


... 03.93 

.99 


.71 

1.81 



.98 

Undetermined ... 

.86 

100.00 


100.00 


There is a change in composition of the materials 
during the burning stage which is almost inevitably in 
the direction of reducing the lime factor, i.e., making the 
cement more aluminous. This is caused by the. impurities 
picked up during the calcining process, such as a slight 
mixture of kiln linings and the ish from the fuel usdd with 

„ N 
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the kiln. These additions are chiefly composed of silica 
and alumina, and they affect and alter the theoretical com- 
position of the cement as calculated from the raw materials 
used, by slightly increasing the percentages of silica, iron 
and alumina, and reducing the lime content. 

The effect of fuel ash on the composition of cement 
as shown by analysis is illustrated by the following : — 

The ash of the coke, or whatever fuel may have been 
used for the calcination of the raw material, being non- 
volatile, remains with the clinkered mass either wholly or 
in part, according to the type of kiln used. Part of it is 
fused on to the outside of the pieces of cement clinker and 
combines with it, and part may remain as a more or less 
insoluble powder or clinker, chiefly consisting of silicates 
of alumina and iron. 

Such ash as is not carried away by the draught in the 
form of dust, being inseparable from the cement clinker, 
is ground up with it, and obviously must to a considerable 
extent affect the percentage composition. 

In the types of fixed kilns usually adopted in England 
practically all the ash is thus left. 

In the case of intermittent kilns, it takes about 8 cwts. 
of coke to calcine a ton of cement, and in the case of con- 
tinuous kilns about 4J cwts. 

If we assume the coke to contain 10 per cent, of ash, 
this means that 0.8 cwts. of ash is left in the first case, 
and 0.45 cwt. in the other. This ash may have the follow- 
ing composition : — 


Silica 4 1}1.00 

. Alumina and Iron Oxide ... 84 *20 

Lime ... ... ... 12 00 

Undetermined ... ... 2 80 


] 00.00 


and will affect the analysis of the average of the mass 
drawn from the kiln by reducing its percentage of lime. 

If in the raw material the percentage of carl>onate of 
lime he 76, and there be .00 volatile matter present other 
than the carbon dioxide belonging thereto, the amount of 
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lime in tbe calcined mass, if calcined by an asbless fuel, 
would be 03.94 percent. 

If calcined in an intermittent kiln under the condi- 
tions Outlined already, ttyj amount would become G1.86 per 
cent., ai\d if calcined in a continuous kiln 62.77 per cent. 

* The .British standard specification refers tojtlie chemical 
composition of cement in demanding (1) that ft shall con- 
tain no greater proportion of lime than is necessary to 

• saturate tbe silica and alumina present ; 02) that tbe per- 
centage of the insoluble residite shall not exceed 1.5 per 
cent. ; and (3) that magnesia aifd sulphur calculated as 
sulphuric anhydride mftst not exceed 3 and *2.ff 5 per cent, 
respectively. 

It also provides that the total loss on ignition (water and 
carbon dioxide) shall not exceed 3 per cent. 

The percentages of silica, alumina, oxide of iron 
and lime contained in cements may vary to the extent of 
1 or 2 per cent, from the figures given in the example A, 
and still constitute a good sound article, but magnesia and 
sulphuric anhydride should never greatly exceed the per- 
centages given in the llritisli standard specification. 

Silica, lime and alumina must be considered the 
essential elements of the cement as they combine in 
the kiln at a clinkeriiig temperature to form compounds 
having special properties in relation to the effect tlyit water 
has upon them. 

These compounds — silicate of calcium and aluminate of 
calcium — as they come from the kiln, and until they are 
wetted to form concrete, are perfectly anhydrous; that is, 
they are free fy’orn water, or, in other words, have no water 
chemically combined in their molecules. They are, how- 
ever, capable of forming a chemical combination with 
■ water and in that condition are spoken of as hydrated 
silicate of calcium and hydrated aluminate of calcium. 

The peculiarity of these compounds is that when in the 
anhydrous condition, they are more soluble in water than 
when in the hydrated condition, the effect being that when 
wetted with water to form concrete, the anhydrous sub- 
stance is split up and a portion dissolves in th£ water ; it 
then slowly combines with the ^vater and the undigsolved 
portion to form hydrated compounds, which, being in- 
soluble, concrete the whole mass into a solid blodv. As the 
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solubility is but slight, this reaction takes place slowly, 
and it may be weeks or even mbnths before it is 
complete. r 

This property is known as tfiydraulicity, and a 
hydraulic substance is one that will setf under water or by* 
the action of water. ^ ° J 

The great aim of the cement maker is, therefore, to pro- 
duce the maximum amount of these substances in his 
cement. For if on the onf hand there is too much lime 
in the mixture^ a portion of it remains uncombined, and 
is a source of danger to the cement, as free lime expands 
and crumbles to dust on being hydrated, or “ slaked ” as 
it is commonly called, thus injuriously affecting the 
strength and stability of the concrete ; so, on the other 
hand, if there is too much silica and alumina in the mix- 
ture, other compounds are formed which have no hydrau- 
licit.y. 

Tho proportion of lime in Portland cement may vary 
from 58 to 66 per cent. An analysis of Portland cement 
which shows a percentage of lime much outside the limits 
mentioned should, however, be submitted to very thorough 
tests before acceptance. 

The hydraulic index of cement is found, as already 
stated, by the ratio of the silica and alumina to the lime 
present in the sample under investigation. 

The lime ratio given by the British Standard Specifi- 
cation provides that the proportion of lime, after deduc- 
tion of the proportion necessarv to combine with the 
sulphuric anhydride present, to silica’ and alumina in 
cements shall not be greater or smaller ‘(calculated in 
chemical equivalents) than is represented by- the equa- 
tion : — 


CftO 

SiOf + AlaOg 


Max. Min. 

2.85 2.00 


Molecular weight of Lime = 56 

„ „ Silica = 60 

,, ,■/ Alumina =102 

,, ,, Sulphuric 

anljydride = 80 
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An example of working this equation is as follows : — 

Lime (CaO) 63.28% Silica (Si0 2 ) 21.6% 

Alumina (AI2O3) 8.10% Sulphuric anhydride (S0 8 ) 2.00 
Lime • combining with 2.00 per cent, of sulphuric 
anhydride = 2.00 x 56 
• 80 

= 1.40 per cent. 

63.28 - 1.40=61.88 per cent* Lime. 

Thus — « 

Lime (CaO) = = 1.10 . 

Silica (SiO t ) = ^° = *.36 


Alumina (AI2O3) 

Then— 


8.16 

102 


.08 


CaO 1.10 

Si02 + AI2O3 .36 + .08 


2.60 Lime ratio. 


Up to a limit it may be said that the more the lime con- 
tained in a cement the greater will be its strength. This 
limit is reached, however, when more lime is present than 
will chemically combine with the silica and alumina, 
leaving some lime in the uncombined state — often termed 
“ free ” lime — occurring, generally speaking, when the 
percentage ®f lime is greater than the percentage of silica 
multiplied by 2.ft plus the percentage of alumina mul- 
tiplied by 1.1? • 

Lime in slaking expands, so that an excess of lime over 
what will unite with the silica and alumina will cause the 
cement to expand or “blow,” as it is often called. 

If the percentage of lime is under the limit the cement 
contains silica-alumina in excess, tending to produce a con- 
tractive and weak cement. Unsoundness in cement is also 
caused by uncombined 01* loosely-combined lime resulting 
from coarse grinding or irregular mixing o£ the raw 
materials or under-burning of Jtlie clinker, but thjere is, 
however, as already stated, no method of determining 
the uncombined lime in cements. 
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Chemical analysis, therefore, if taken alone as the guide 
to quality, will seldom explain fully where unsoundness is 
concerned. Recourse must be had in this respect to the 
physical tests for soundness asl mentioned in another 
chapter. # , # ‘ 

A Portland cement, containing high percentages of lime, 
requires .high temperatures in the kiln vyhilst burning the 
raw materials. It is heavy apd hard to grind and generally* 
yields a slow setting cement. The rotary kiln has much 
improved the facilities for burning cement, and,a general 
increase in the percentage of lime content in cements is 
now possibfe. 

An increase ir\the quantity of silica in cements gener- 
ally requires a proportionate increase in the lime content, 
with the result that the raw materials must be harder 
burnt, and the resultant cement will be of a high tensile 
strength. Silica is generally contained in cements to an 
extent of 18 to 25 per cent. It is one of the most useful 
constituents, but must not be in insoluble form. 

Silica in Portland cement plays the part of an acid and 
combines under great heat with lime. 

The function of the oxide of iron in cements, gener- 
ally from 2 to 5 per cent., is to act as a flux in the kiln 
and cause the silica and alumina to combine with the lime 
at a lower temperature than they would without its inter- 
vention, and after that object has been effected the iron 
appears to play no further part. Tts combinations are not 
hydraulic, and, consequently, have no concreting power. 

The dark grey colour of cement is dile to the presence 
of iron, compounds, and when not in excess fron oxide does 
not affect a cement. 

The amount of alumina in Portland cement is generally 
from 3 to 10 per cent., and its function is assumed to 
affect the initial setting of the material. A high alumina 
content, for instance, makes a quick setting cement, and 
a low percentage of alumina in cements generally defines 
their slow' setting qualities. Alumina in Portland cement 
acts as an acid. 

Magnesia is present in cements up to about 3 per cent., 
a limit which is considered to be harmless, indeed some 
experts consider that magnesia replaces lime in a cement, 
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and this theory is growing in favour, although other 
experts have mainfliined just the reverse. 

The other constituents of cement, such as sulphurte 

anhydride and the alkidies potash and soda, are non- 
essential? * 

To ascertain the insoluble residue rtw a cement 
such as sand, clav, and inert material of any description, 

. is useful in checking the existence of am foreign matter 
m the product, as a pure Portland cement should contain 
not more than 1.5 per cent, of sucgi substances, which con- 
sist in such case chiefly of detritus from the kiln and mill 
linings and uneombined fuel ash. * 

There is no standard method for the analysis of Port- 
land cement, and chemists vary considerably in their 
estimation of its constituents. This mnv he seen from the 
following results of the analysis of a sample of cement as 
carried out by the different methods of eighteen American 
experts working for a committee enquiring into the uni- 
formity m the analyses of materials pertaining to the Port- 
land cement industry. 



Silica 

Alumina 
and Iron 

Lime 

Magnesia 

Variation from 

.. 19.18 

9.32 

62.01 

2.52 

to 

.. 21.56 

11.30 

64.30 

3.13 


I he analysis of Portland ivnient is generally eon 
ducted as follows : — 


Half a gramme* (500 milligrammes) of tho finely 
powdered sagiple is carefully weighed in a platinum 
crucible and ignited, at first over a bunsen gas. burner 
and afterwards over a good blast lamp. It is then cooled 
m a dry atmosphere and weighed again. The loss of 
weight equals moisture and carbonic anhydride. 

Silica (SiO:) and Insoluble. — The same sample is 
now transferred to a large platinum dish and dissolved in 
hydrochloric acid and distilled water ; about 5 cubic centi- 
metres (5 c.c.) of the former and 10 c.c. of the latter. 
J he solution is evaporated to dryness on a steanf bath, 
moistened with dilute hydrochloric acid, and again eva- 
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porated to complete dryness. This operation may, with 
advantage, be repeated several times, to ensure that the 
Bilica, which separates from the acid solution of the 
cement, has become thoroughly dehydrated, and free from 
all trace of acid, otherwise a portion of it would iedissolve' 
on a furthpi quantity of acid being added. The dry 
residue in the platinum dish is now digested on the steam 
bath with 30 c.c. of hydrochloric acid and 30 c.c. of die-, 
tilled water until all is „dissolved with the exception 
of a white ponder, \yjiich consists of silica, and in* 
soluble matter/ The contents of t,he dish are. now further 
diluted with distilled water and filtered through an ash- 
less filter paj)er, 9 centimetres in diameter, taking care to 
remove every particle of silica from the dish by washing 
it into the filter with boiling water. The filter paper 
which now contains the whole of the silica is thoroughly 
washed with a- spray of hot water, the filtrate and wash- 
ings being collected in a conical glass beaker. 

The filter paper containing the silica is dried and ignited 
in a platinum crucible, at first gently over a hunsen gas 
burner until the pa|>er is all consumed, and afterwards for 
five minutes over a blast lamp. It is then allowed to cool 
in a dry atmosphere, and weighed, the weight of the empty 
crucible being known ; the weight of silica and insoluble 
is obtained by difference; the weight obtained in milli- 
grammes -f 5 ~ percentage of silica and insoluble in the 
sample. The amount of insoluble ascertained, as further 
explained in this chapter, subtracted, from th,is, gives the 
actual siliqa in combination. *■ 

Alumina and Oxide of Iron (AI2O3), IFezOa) — The 
filtrate and washings from the silica are heated to boiling in 
the glass beaker in which they are collected, about 5 c.c. of 
bromine water is added to ensure that the iron and man- 
ganese contained in the solution is fully oxidised, and the 
whole boiled until excess of bromine is dissipated. Solution 
of ammonia is now added in quantity sufficient to neutralise 
the hydrochloric acid present and until a distinct smell of 
ammonia is observed in the liquid after being stirred with 
a glass rod. The solution is then boiled gently until the 
smell 'of ammonia has Nearly disappeared. A reddish 
brown, gelatinous precipitate will be observed in the 
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liquid. This consists of alumina and oxide of iron 
and whilst the liquid is still hot, must be filtered off on a 
filter paper similar to the one used for the silica. The 
whole of the liquid should be passed through the filter and 
the beaker in which the precipitation was made washed 
out ^ith a spray of hot water (usihg distilled jvater) from a 
wash bottle. The filter paper and precipitate must then 
be washed, the* filtrate and washings being collected in a 
large conical glass beaker, ajjvays taking care that none iB 
lost. • . 

The a f e of # alumina and oxide of iron is now re- 

dissolved in dilute hydrochloric acid (one ^fart of acid to 
10 of water) by passing about 10 c.c. of the dilute acid 
through the filter and collecting the filtrate in a separate 
beaker. Wash the filter with hot water, so that no trace 
of alumina and oxide of iron is lost, and make up the 
solution to about 50 c.c. Precipitate again by adding 
ammonia as before, and collect the precipitate on a fresh 
filter paper. Wash and add the filtrate and washings to 
those obtained from the first precipitation. Dry the pre- 
cipitate and ignite in a platinum crucible over a bunsen 
gas burner, cool in a dry atmosphere and weigh; the 
weight in milligrammes -r 5 = percentage of alumina and 
oxide of iron in the sample. The object of the double 
precipitation is to free the precipitate from alfr traces of 
lime, which would otherwise contaminate the precipitate 
and cause a slight error in the analysis. 

Separation oft Iron and Alumina.— This operation 
may be carried tout by either of the two following methods 
A or B. * • 

(A) The precipitate of iron and alumina after weighing 
is fused with a little sodium carbonate (Na 2 COg) and the 
fused mass is dissolved in hydrochloric acid (1-1 of water). 
To this solution add an excess of strong caustic potash 
(KOH) and boil for five minutes. Dilute the solution and 
filter off the iron precipitate, well washing with hot water, 
the filtrate being kept for the determination of the 
alumina. 

The iron precipitate is dissolved in warm hydrochloric 
acid (dilute) and precipitated with ammonia, 'filtered, 
washed, ignited, and weighed as ferric oxide f (Fe 2 03 ). 
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The filtrate from the first precipitation is made add with 
hydrochloric acid, and a slight excess of Ammonia is added 
to precipitate the alumina. Boil off the excess® of 
ammonia, filter, wash well and ispeatedly with warm 
water. Ignite strongly and weigh as alumina (AijOj). 

(13; Instead' of ignitirig and weighing the mixedi pre- 
cipitate of iron and alumina, this precipitate is washed 
hack into a beaker and boiled with the* strong caustic 
potash (KOH) solution, and .aBove method carried out for 
the separation. f , 

Lime. — The filtrate and washings* from the 'last opera- 
tion now contain the whole of the lime which is removed 
by precipitation with oxalate of ammonia. Add some 
ammonia to the liquid and boil. Whilst boiling, add 
about ‘25 c.c. of a saturated solution of ammonium oxalate, 

* stirring during the addition and boil for one minute. The 
beaker is covered with paper and kept in a hot place (but 
not boiling) until the precipitate has settled down and left 
the liquid quite clear. It, is then filtered and washed with 
hot water with the same precautions observed in the pre- 
vious operations. The precipitate is burnt in the platinum 
crucible, at first very slowly over a low flame from the 
bun8en burner and afterwards at the highest temperature 
of the bhi$t lamp, until the weight is constant and ceases 
to lose any more by further ignition ; the weight in milli- 
grammes 4- 5 ^percentage of lime in the sample. 

Magnesia (MgO) — The filtrate and ( washings from the 
last operation, which will now amount k a considerable 
bulk, must be reduced by evaporation before ‘the analysis 
can be proceeded with. For this purpose place the liquid 
in a large porcelain evaporating dish and boil gently until 
it is reduced to a bulk of about 40 c.c. If the liquid now 
is not quite clear, filter it, washing the evaporating dish and 
filter paper with a little water ; cool the liquid by standing 
the beaker in cold water, add an excess of a saturated solu- 
tion of phosphate of soda or microcosmic salt, and stir well 
with a glass rod, being careful to avoid rubbing the rod 
against the sides of the beaker. Now make the solution 
strongly ammoniacal by the^ addition of about 15 c.c. of the 
strongest liquid ammonia, cover the beaker with paper, 
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and stand it in a cool place for at least four hours or over 
night. During fhat time a crystalline precipitate of the 
double phosphate of magnesia and ammonia will have 
formed ; filter and wash with a dilute solution of ammonia 
(10 per cent, of strong ammonia in distilled water), being 
careftil to wash all crystals from' the sides^d bottom of 
the beaker; dry' the filter and precipitate and^ ignite, at 
first very gently and afterwards at the highest temperature 
of the blast lamp. The precipitate will now consist of 
pyrophosphate of magnesia, anfl must Jw weighed in that 
state after the usual precautions of cooling in a dry 
atmosphere, after which the amount of fiiagnesia con- 
tained in it can be arrived at by calculation. As 222 parts 
of pyrophosphate of magnesia contain 80 parts of mag- 
nesia, if the weight obtained be multiplied by the factor 
.30036, the product will equal the weight of magnesia # 
contained in the r>00 milligrammes of cement taken for 
analysis, and this number divided by 5 will give the per- 
centage of magnesia. 

Insoluble (Sand, Clay and Inert Material).— Two 

grammes of cement are weighed into a beaker, swirled 
with a little winter to prevent lumps, about 100 c.c. 20 per 
cent, hydrochloric acid are added, and the beaker is gently 
warmed until all the cement is dissolved. Filler off the 
insoluble material, wash well, and place the filtrate and 
washings aside for the estimation of the sulphuric anhy- 
dride (SO3). Now w T ash the insoluble back into the beaker 
from the filter # p*#per and boil with a strong solution of 
sodium carbonate (Na 2 C 0 3 ), filter through the same filter 
paper, keeping the solution almost boiling, wash the in- 
soluble back into the beaker and again boil with sodium 
carbonate. Filter, w 7 ash w T ell with hot water. Ignite and 
weigh as insoluble. 

This result subtracted from the combined weight of 
silica and insoluble first estimated, leaves the actual com- 
bined silica in the cement. Boiling with sodium carbonate 
dissolves out all the silica which may have been precipi- 
tated while dissolving the cement. 

Sulphuric Anhydride (fifoa).— Bring the filtrate from 
the insoluble in hydrochloric acid to a boij, and pre- 
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cipitate the sulphuric anhydride by adding a 10 per cent, 
solution of barium chloride until no more white precipitate 
is produced. This white precipitate is sulphate of barium. 
The beaker has now to be kept atia gentle heat, but not 
boiling, for some time until the precipitate settles and the 
liquid above it is quite dear. It must now be filtered on 
an ashless filter paper and well washed with hot water; 
burn the filter paper and precipitate, when dry, in a 
platinum crucible over a powerful bunsen flame ; cool and 
weigh with the usual precautions; 233 parts of sulphate 
of barium contain 80 parts of sulphuric anhydride, so the 
weight of thl precipitate obtained in milligrammes must 
be multiplied by the factor .34335, and the product divided 
by 20 will give the percentage of sulphuric anhydride in 
the sample. 

The analysis is now complete with the exception of 
alkalies, which are usually estimated by difference — that 
iB, the difference between the sum of the various sub- 
stances estimated above and 100 parts. 

The results calculated to percentages are then tabu- 
lated as follows : Percent. 

Loss on Ignition 
Silica (Si02) 

Insoluble 

Ferric Oxide (Fe20 8 ) ... 

Alumina (Al 2 O a ) 

Lime (CaO) ... 

Magnesia (MgO) ... ... '* , 

Sulphuric Anhydride (SOj) ... 

Alkalies and Undetermined 


100.00 

The dry atmosphere referred to as necessary for the 
oooling of the crucible and contents after ignition, and 
before weighing, is best obtained by placing a jar or open 
wide-mouth bottle of strong sulphuric acid under a glass 
bell jar. The acid will absorb all moisture from the 
atmosphere contained in the jar. The crucible can be 
placed under the jar to cool near the sulphuric acid. 

It is often desired by cement users to estimate the 
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amount of lime only in a sample of cement, and as this 
is a simple operation we may include the process under 
thi% heading. 

Take half a gramme! of the cement and dissolve it in an 
evaporating dish 'with a small quantity of concentrated 
hydrochloric acid ; add* a few ‘drops of sitric acid and 
evaporate to drpess and bake well to ensure that all acid 
is driven off. 

Bedissolve the residue in f dilute hydrochloric acid and 
filter off the silica. # 

To the filtrate add # ammonia to precipitate the alumina 
and iron. Now' add acetic acid to dissolve tfiis precipitate 
of iron and alumina and boil the solution. 

When boiling, precipitate the lime with ammonium 
oxalate in excess, filter, ignite and weigh as already, de- 
scribed. 



Mechanism of Setting ,and Hardening. 

CHAPTER XVI. 

The mechanism of the setting. ,of cement is still not pre- 
cisely known, its complex constituents having as yet been 
scarcely isolated find thei» behaviour as individuals being 
almost entirely unknown. Until tlvs detailed knowledge 
has been gained generalisation on such a subject must be 
confined to hypothesis. 

The question as to what is the chemical cause and opera- 
tion governing the process of setting is one of high 
scientific interest, and much complexity, and is one that 
really cannot be answered, but the theory is held that 
this is due either to a crystallisation or colloidal action, or 
both, and upon these points the following information is 
the latest that is available. 

It appears to be accepted between the “crystalloid ” and 
“ colloid ” schools that set cement derives its adhesive and 
cohesive qualities largely from the presence of low-limed 
compounds, or even of hydrous silica, although experts 
will not agree that the hydrolysis goes so far as to result 
in hydrous silica, as concurrently with the silica, hydrate 
of lime would be produced, and the two substances cannot 
long exist together, as fairly rapid combination takes 
place. Thomas Kdison has explained to' the author that 
he is a, keen believer in the colloid tlfeory, while 
Le Chatelier, the eminent French chemist, has always 
opposed the theory which attributes the hardening of 
cements to certain colloidal properties of the material. 
Other experts are equally as definite in opposition 
to these views. Le Chatelier has pointed out in a recent 
paper upon crystalloids against colloids in the theory of 
cement setting that in defining the word “ colloid,” if that 
be possible Graham , the originator of the discovery of the 
bodies which are thus designated, bad recognised the 
existence of two sorts of difierent solutions. The one kind 
gave on evaporation crystallised bodies called crystalloids 
( 206 ) 
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(sea-salt, sugar, &c.), the other gave amorphous bodies 
(gelatinous silica* gum, &c.). He further recognised that 
the # crystalloids are diffused when dissolving and 'that the 
colloids are not. J 

Mora recently Zsigmondy showed with the aid of the 
ultramicroscope that th£ colloidal solutions#Yere wot true 
solutions, but merely suspensions of very finely divided, 
rigorously insdluble matter. These suspensions are 
Dpaque, milky or transparent, according to the fineness 
and the abundance of the particles so suspended in the 
liquid. • When their diameter is inferior tf> the wave-length 
of light, they allow the light to wend its tvny through, 
somewhat as happens in the case of sound with screens 
of a limited size. The diameter of the true colloids 
approaches a millionth of a millimetre, and is always much 
less than a thousandth of one millimetre. 

All very minute insoluble bodies give such colloidal 
suspensions; metals like platinum and silver when pul- 
verised by the electric arc; finely crushed minerals like 
quartz, alumina, kaolin; completely insoluble chemical 
precipitates like the sulphides, notably nickel sulphide, or 
finally, the iron tannate used in the manufacture of ink. 

But, is there cause to give a particular name to bodies, 
the only singular properties of which so far are insolubility 
and fineness? • 

These very minute bodies possess one quite special and 
very important property, however, which entitles them to 
being classed separately, that is the property of absorbing 
the soluble* bodies Tvhicli are held in solution by the liquid 
with which •they are wetted. This absorption, which is 
frequent with chemical precipitates, is a very grave source 
of error in analyses. Tt is true that this property does not 
strictly characterise finely divided bodies; it manifests 
itself in identically the same way in porous bodies. Blood 
carbon, a true colloid, and wood charcoal behave in the 
same way. From this point of view, colloids and porous 
bodies must be classed together. 

This absorptive power is a particular case of much more 
general properties which all very fine bodies possess. 
Chemically a body in the form of an impalpable* powder 
behaves quite differently from the same body in the form 
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of big lumps. There is a special chemistry of colloids and 
porous bodies. These particular properties are under the 
immediate sway of surface tension. 

The fact has long since been acknowledged that" all 
chemical phenomena depend directly upon diverse forms 
of energy, heat, electricity, woYk. The chemical re- 
actions of combustibles liberate heat; the reactions of 
batteries generate electricity ; the reactions of explosives, 
work. Jieciprocally the forces of energy — temperature, 
electromotive force, pressure — define equilibrium con- 
ditions and suppress or attenuate at the same time passive 
resistances which oppose the reactions, tending to bring 
the bodies back to the state of equilibrium. The whole 
chemistry is only a chapter of energetics. 

There is, however, one form of energy of which chemistry 
does not speak as a rule, that is the surface energy which 
is measured by the product of the surface tension (or capil- 
lary tension) and of the free surface of the body. In 
magnitude surface tension is generally infinitely small when 
compared with the other forms of energy. Take the gram- 
molecule of water, 18 grams, and assume it to have the 
form of a sphere whose diameter will be 3.3 cm. In con- 
tact with its water vapour the sphere will have a surface 
tension of 0.08 grams per linear centimetre. The surface 
of the sphere being 34 sq. cm., its surface energy will be 
0.08 x 34 = 2.72 gram-cm., or 2.72 xlO- 6 kg. m., which 
corresponds to 6.3 x 10- 8 kg. calorie. Now the vaporisa- 
tion of a gram-molecule of w r ater absorbs 10 calories, and 
its combination with lime liberates 10 calories. Its sur- 
face energy is therefore only equivalent ,to the one 
hundretli millionth part of that quantity of heat, that is 
to say, absolutely negligible. 

If instead of taking the water in the form of a single 
sphere we divided it into a vast number of little globules, 
each of one-millionth of 1 mm., their surfaces and con- 
sequently their total superficial energy would become 330 
million times greater, and thus equivalent to 2 calories; 
that is to say, the surface energy would be of the order of 
magnitude of the quantity of heat which water evolves in 
its various chemical reactions. The surface energy in 
that case would no longer be a negligible factor. 

As regards solids in suspension jp a liquid, there is no 
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lirect method for measuring the surface tension at the 
xmstant between the solid and liquid. Certain indirect 
considerations lead us to admit, however, that this tension 
nay become a hundred limes greater than that of water. 
The superficial energy will be increased in the same ratio 
md itg influence will become appreciable fur, dimensions 
if the order of a ten-thousandth millimetre — dimensions 
much superior to* those of chemical precipitates.* 

So far, Le Chatelier’s considerations concern solely the 
pain size without paying attention to the greater or 
smaller •solubility of the bodies jn question. They 
lo not yet furnish an immediate explamrtion of the 
usual insolubility of the colloids. A solid crystal ground 
iown to very fine grains will certainly have all the pro- 
perties of colloids as long as it retains its fineness; but it 
will rapidly lose the latter as soon as it is brought, in con- 
tact with a liquid capable of partially dissolving the sub- 
dance. The energy of dissolution will he increased by 
the whole superficial energy of the crystal ; there will result 
m increase in the solubility of the fine crystals, and a 
supersaturated solution will he produced, from which 
larger crystals will soon be separated. This fact has been 
very elearh verified for the very fine precipitation of cal- 
cium sulphate and barium sulphate. In order to make 
these precipitates coarser, and thus prevent them from 
passing through the filters, such precipitates are kept hot 
for several hours before filtration. 

Every soluble hodv, even if existing in very fine division, 
progressively lose* its colloidal properties when it. is main- 
tained in contact with a liquid in which it is somewhat 
soluble; its transformation will ho all the more rapid, the 
greater the solubility. It is only insoluble bodies, there- 
fore, which can preserve the extreme state of subdivision 
which corresponds to the colloidal state. For the same 
reason, bodies which are properly called colloids never 
show any discernible crystalline form, because the crystal- 
line orientation supposes a certain mobility of the material 
within the solvent, be it liquid or gaseous. 

To come to the hydraulic mortars— Are the products of 
their hardening colloidal or are* they not ? Let fls first 
take the case of plaster. When plaster has set, we can 
never discern any crystals in the material, even binder the 

o 
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strongest magnification of the microscope. That does not 
prove that no crystals are formed ; perhaps they are too small 
to be recognised. In petrographic specimen plates less 6 than 
0.02 mm. in thickness, one can hapdly distinguish crystals 
less than 0.005 mm. in diameter. By. crushing the soft 
mass under tj,ie cover-glass we Cannot get below 0.0005 
mm. We ale tlius yet tar away from colloidal dimensions. 
When the humid hydrated plaster is left to itself, crystals 
begin to become discernible at the end of several weeks; 
alter several years they are sometimes visible to the naked 
eye. One can hoc them 'plainly, in the south of 4 Algeria, 
on the roots* of dead trees which have been transformed 
into gypsum. We tan, moreover, make the crystals in 
hardening plaster visible from the beginning, when we 
gauge the plaster with alcoholic water (instead of pure 
water) ; the setting is then retarded and the crystals can 
better develop. 

The calcium illuminates, which play an important part 
in the hardening of rapidly setting cements, are hydrated 
at the same rate us the piaster, and they give likewise a 
whitish mass in which crystals are not discernible. Jf, 
instead of gauging the aluminate with little water, we put 
a few isolated grains of the illuminate into a large volume 
of water, we observe that the grains soon become sur- 
rounded by long crystals of hydrated uluminate, which are 
always easily visible under the microscope and can some- 
times directly he seen by the eye. 

Calcium silicate alone causes a difficulty in these con- 
siderations, and this is important, because the silicate is 
the essential element in the hardening of Portland cement. 
The microscope lias never enabled us to see hydrated, cal- 
cium silicate. Tts crystals are certainly very minute; 
numerous analogies prevent us, however, from denying 
their existence. The hydration is exactly the same as in 
the case of barium silicate. 

Si0 2 . 3 CaO + aq. — SiOj.OaO, aq.+2CaO, H a O. 

8i0 2 2 BaO + aq. = Si0 2 .Ba0, GHaO + BaO, 9H 2 0. 

The crystals of hydrated lime are plainly visible, like 
those of hydrated baryta;, they may attain dimensions of 
several mm. Crystals of barium silicate can always be 
seen with^he aid of a lens, sometimes even with the naked 
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:ye. By virtue of analogy we may say that hydrated cal- 
•ium silicate will •certainly crystallise as well ; but as it is 
nu<& less soluble than the barium compounds, the crystals 
vill oe too minute to b| discernible. 

It is »ot impossible that, initially, the dimensions of these 
crystals are of colloidal cfrder, as # m the moi^nt of forma- 
iion of the precipitates of barium sulphate and calcium 
jxalate. It ha£ been shown, in fact, that thfs calcium 
silicate precipitate absorbs* in the moment of its forma- 
ion, a certain quantity of fime, which varies with the 
joncentfation of the liquid, iti the rtrtirse of time the 
limensions of the crystals must increase eoifsiderably, as 
n all similar instances. The mecJuinical resistance, on 
;he other hand, does not diminish <Wth time. Con- 
sequently, the colloidal state, which was possible at the 
>eginning, has nothing, it is maintained, to do wdtli the 
lardcning of the cement. 

In conclusion, the explanation of the hardening of 
cements w hich Le Chatclier gave thirty years ago does not 
*et appear to have been weakened, viz. : — 

The anhydrous compounds of cements, not being in 
•hemical equilibrium when in contact w r ith water, are more 
soluble than the same hydrated compounds. For this 
reason they give rise to the formation of a supersaturated 
solution from which the hydrated compound may rapidly 
crystallise. r lhe liquid, being no longer saturated can 
redissolve more of the anhydrous compounds, and the 
whole mass can thus crystallise progressively by passing 
through a* stag§ flf transitory dissolution in a limited 
volume of water, which, at any given moment, cannot 
maintain in solution more than a small portion of the total 
mass of salts present. 

The crystals which are deposited from the si^ rsaturated 
solutions always appear in the shape of extremely elongated 
needles, which have the tendency to group themselves in 
spherolites about certain centres of crystallisation. The 
entanglement of all these crystals is the only cause of the 
solidity of the mass. They become welded with one 
another when the reciprocal orientation is suitable ; they 
adhere by simple contact, as derail solid bodies whan really 
resting upon one another. 

Finally friction at the points of contact, even in the 
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absence of all adhesion, suffices to produce a great strength 
of mechanical resistance, such as is found in all tissues 
and fabrics whose solidity has no other origin. The finer 
and the more elongated the crystals, the more numerous 
the points of contact, and the greater the frictional resist- 
ance. . The greater the area of contact, the more developed 
the adhesion. The progressive growth of the crystal 
dimensions by the mechanism suggested increases the part 
played by adhesion while diminishing that due to friction. 
A material built up of very wide strips could be very solid 
if the strips were glued together at their contact surfaces. 


While on this subject it should also he added that 
set cement contains hydrated lime, and no evidence 
has been presented to show that this hydrated lime 
is other than inert. We, therefore, have the 
anomalous ]x>sition that, as the only known means 
of securing strength in their products, cement manufac- 
turers are compelled to include the highest possible pro- 
portion of lime in their cements that is compatible with 
constancy of volume, while in the resultant concrete, a 
large proportion of the lime is nothing more than a diluent. 

In tlnyr efforts to reach the maximum lime content, 
manufacturers are forced to grind their raw materials 
finely at considerable cost, and, the elinkering temperature 
of high-limed mixtures being high, the cost of calcination 
is also heavy. It is well then that Hie attention of 
chemists should be constantly directed to this anomaly, 
which requires the manufacture of cement to be burdened 
with an excess of a constituent costly to manipulate and 
which is ultimately found to be a diluent. 

The production of low-limed cements has occupied the 
attention of many workers, but, unfortunately, the basis 
of their experiments and operations has invariably been 
blast furnace slag, with its inevitable content of sulphur 
as sulphide. So tainted at the source, such lowMimed 
cements have seldom been judged upon their merits as 
cementr, hut have been condemned, and rightly so, on 
account of their sulphur content with its possibilities of 
disaster. “ 

The elimination of sulphur from slag has not proved a 
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practical proposition up to the present, and it would tend 
to more rapid progress if this source of raw material 
for low-limed cement production were abandoned. The 
ordinary sources of rawWiterial, such as chalk, limestone, 
fcday anti shale, cduld be used for low-limed cement pro- 
ductiqp, and there would still 6e considerable scope for 
economy in cost of production, for three reasons : firstly, 
there would probably be nonnecessity for extreme fineness 
of grinding of the raw materials; secondly there would be 
less carbonate of lime to dissociate, and consequently less 
heat absorbed; and, thirdly, the low-limed mixture would 
require a considerably lower temperature of calcination. 

The results obtained from slag cemeqts offer much en- 
couragement to the investigator aiming at the production 
of low-limed cement. These slag cements, containing 
about 45 per cent, of lime, sometimes have no difficulty 
in complying with the requirements of the British Stan- 
dard Specification for tensile tests when mixed with sand, 
and for constancy of volume tests, and they thus satisfied 
two of the most iiii|K>rtant requirements of the cement 
user, but they are ruled out entirely by their content of 
sulphur, with their tendency to slow hardening, and the 
frequent faculty of losing their cementitious properties 
with age. 

The sulphur difficulty can be avoided by abandoning 
slag and starting with “ dean ” raw materials, and the 
investigator of the future is then faced with problems of 
slow hardening a]jd failure to keep, before low-limed 
cements can he made a marketable commodity. 

It is, however, maintained by those who have^ devoted 
much time and labour to the subject that the major con- 
stituents of Portland cement are tricalcic silicate, dicalcic 
silicate and tricalcic aluniinate. Of these constituents the 
compound tricalcic silicate is the one which hardens and 
develops the greatest strength within a reasonable time. 
This most important constituent, which 4s the one formed 
with the greatest difficulty, makes up only about 30 to 35 
per cent, of an average normal Portland ceraenj. 

It may be said, therefore, that the essential process for 
the manufacture of Portland (Anient is the formation of 
this compound, and that any improvement in this process 
yielding a« increased percentage of tricalcic silicate will 
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increase the cementing value of Portland cement. In 
order to determine the most economical process for pro- 
ducing tricalcic silicate in the highest percentages, itr»will 
be necessary to study the rate of I formation of this com- 
pound in a series of mixtures of various substances ; this, 
in turn, necessitates ths'determination of the equilibrium 
relations of tricalcic silicate of high temperatures in such 
mixtures. Such a procedure will lead sooner to the dis- 
covery of the optimum composition in various cases and 
for various purposes thpn the empirical trial-and-error 
methods that have hitherto prevailed. * 
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Sampling, .Testing and Uses. 

• CHAPTER XVII. 

* *• , 

In order to obtain the knowledge usually soil£ht for as to 
the qualities of cements to be used, it is necessary that the 
samples which arc taken fof investigation should represent 
the whole quantity of the bulk. 

Of alfrthe materials of construction subjected to a system 
of testing, Portland cement is probably the myst de|H?ndent 
on the judgment and skill of the tester, and with all the 
well-equipped laboratories it is still impossible to remove 
the most important factor of personal equation. Ill Ihe 
sampling of consignments of cement and in making pre- 
paration for the testing and analysis of the same, the 
.British Standard Specification does much to avoid the 
personal equation always evident in sampling hulk quan- 
tities, and it requires that : — 

As soon as the cement has been hulked, either at the 
manufacturer's works or on the works in connection with 
which it is to he used, at the consumer’s option, samples 
for testing shall he taken from each parcel. Mach sample 
shall consist of approximately equal portions *>f cement 
from at least twelve different jMjsitions in the same heap 
when loose or from twelve different bags, barrels, or other 
packages, when the cement is not loose, so distributed as 
to ensure, *as fi;r Js practicable, a fair average sample of 
the whole parcel, all to he mixed together and the sample 
for testing to he taken therefrom. • 

Before gauging the tests, the sample so obtained shall 
be spread out for a depth of ins. for ‘21 hours in a tem- 
perature of from 5H to 04 degrees Fahrenheit. 

In all cases where consignments are of 100 tons and 
upwards, samples for testing or analysis shall he selected 
as above from each consignment, either at the manufac- 
turer’s works or after delivery at the works where the 
cement is to be used. Payment for such tests and 
analysis shall be made by tl*p consumer, the manufac- 
turer supplying the cement required for the same free of 
charge. 


( 215 ) 
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The tests and analyses hereinafter referred to shall in 
no case relate to a larger quantity of cement than 260 tons 
sampled at one time. r 

In the case of sampling a largq quantity of cement for 
analytical or other testing purposes, it is necessary that^ 
the small samples used k> the analysis shall fairly represent 
the whole quantity. It is hardly probable, therefore, that 
a small sample, or even a large sample* taken from one 
place in the manufacturer’s stfore, or from one sack in the 
consignment, will have the average composition of the 
bulk, since at this particular point of sampling thfe quality 
of the cement might readily be o'i a better or inferior 
quality to the bulk. 

It is well, therefore, to take small samples from various 
points, not merely upon the surface, where the cement 
may have become somewhat air-Bet by exposure to the 
atmosphere, but also in the centre of the heaps. This can 
be done by the use of a long iron tube which should have 
a sharp end and he fitted over a stick turned to fit the tube. 

When thrust deep enough into the pile, the stick should 
be withdrawn from the tube, and then the latter should 
be pushed a little deeper into the pile of cement. The 
material then found in the end of the tube when with- 
drawn will furnish the required sample 

The sa/ne method can he adopted in sampling numbers 
of barrels from one consignment. The samples of cement 
thus obtained should he mixed by turning over with a 
trowel after being spread out upon a table, and then the 
amount required for testing may be divided out. 

The American Society of Civil Engineers in their 
standard specification stipulate “ that the selection of the 
sample for testing is a detail that must be left to the dis- 
cretion of the engineer ; the number and the quantity to 
be taken from each package will depend largely on the im- 
portance of the work, the number of tests to be made, and 
the facilities for making them. 

** The sample shall be a fair average of the contents of 
the package : and it is recommended that, where conditions 
permit, on6 barrel in every ten be sampled. 

** All samples should bev passed through a sieve having 
twenty meshes per linear inch, in order to break up lumps 
and remove foreign material ; this k also a very effective 
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method of mixing them together in order to obtain an aver- 
age. For determining the characteristics of a shipment 
of cement, the inaividual samples may be mixed and the 
average tested; where time will permit, however, it is re- 
commended that they Be tested separately. 

1 “ Cement in barrels should be. .sampled through a hole 
made in the centre of one of the staves, midw^between the 
heads, or in the head, by means of an auger or a sampling 
iron similar to that used In* sugar inspectors. If in bags, 
it should be taken from surfaiv to centre.” 

In determining the good qualities of anient for con- 
structional purposes, "it is imperative that. the product, 
should possess at least two essentials — the qualities of 
strength and soundness; and the primary object of all 
testing is to determine whether the cement is satisfac- 
tory in these two important particulars. The other 
theoretical tests for lineness, specific gravity, time of 
setting and chemical analysis are of value only as the 
results give additional information as to the probable 
strength and durability of tho material. 

It is a rather remarkable fact, and one that makes the 
study of cement-testing most difficult, that the precision 
and accuracy possible in any one of the physical tests 
varies almost exactly inversely as the importance of that 
test. Thus, all would he willing to agree that soundness 
is the most essential quality for a cement to possess, and 
yet the ordinary tests for soundness are the most inexact, 
and until the Le Ohatelier test was introduced, were the 
most depeiwlent of tdl the routine tests upon personal judg- 
ment. r 

In the tost for strength, which undoubtedly comes 
second in importance, we have all the variations due to the 
personal equation in mixing, moulding, handling and 
breaking, which, make this test rather one of experience 
than one of exact treatment. Tn the time of setting, these 
inaccuracies are still further reduced on account of the 
simpler processes required, [n the fineness test, which is 
far less important than any of the preceding, we reach the 
first test that is capable of some accuracy, or at least ail 
accuracy that is measured mor^by apparatus than, by ex- 
perience in manipulation; and finally, in specific gravity, 
which, in itself, has almost no importance, we* reach the 
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only teat that can be considered as capable of precise deter- 
minations. * f 

A few preliminary remarks concerning the other te^ts of 
cements may here be made, although dealt with at length 
in the following chapters. 

Regarding % the fineness of Portland cement, the coarser 
particles are practically valueless except as so much sand. 
The cemtmt should at least all pass through a 50 x 50 
sieve, and 98 per cent, through a 76 x 76 sieve. The finer ' 
the grinding the better the* cement. 

The colour* of Porffiand cement should be greenish- 
grey. Tho» specific gravity of Portland cement varies 
between 2.90 and 11.20. 

When Portland cement is mixed with the necessary 
quantity of water, there is formed a plastic mass which 
hardens after a time. This transition is called “ setting,’* 
and the time occupied is called “ the time of setting.” It 
is of great importance to know the setting time of the 
cement to be used. A greater quantity of mortar should 
never be mixed than can be used before setting begins. 

Tt might, here also be mentioned that in addition to test- 
ing cements by the chemical and physical tests according 
to well-known standards and theories, the average con- 
sumer generally tests the qualities of cement, by practical 
results,* preferring to watch the action of cement in work 
rather than rely ii]K>n the qualities as shown by the labora- 
tory records. However, the. “ practical ” test, be it said, 
is far more likely to give erratic results as to the qualities 
of cements, and with far more serinuft consequences than 
any of the recognised theoretical tests abow mentioned, 
for thefe are innumerable ways in which a perfectly satis- 
factory quality cement, by faulty manipulation, may be 
made to appear otherwise, and there are again many 
aggregates which destroy the otherwise sound qualities of 
many products of proved first-class quality. 

This practical .test is often the parting of the wavs be- 
tween manufacturer and consumer, and in addition 
to being extremely unscientific, the test, is fair to neither 
the one nor the other, and in the event of unsatisfactory 
concrete work ensuing, two distinct and definite courses 
are adopted by the cement maker and the purchaser— -the 
one statirfg that he is only responsible for thq quality of 
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his cement, and the other that he is not responsible for 
any faulty work carried out with'the cement he purchases. 

Intview of what may he said as to the innumerable ways 
in which a good cement i*an be made unsatisfactory in use, 
*the position which *is thus brought about can generally be 
settled, to the satisfaction* of hot If parties by # ^ little intel-, 
ligent interest and labour in investigation, and the causes 
of faulty work or the failure, of a cement in a practical test 
can far more often he brought^ home to faulty use than 
to faulty cement. The manufacturer often supports his 
position by having sayiples of •toe alleged faulty cement 
tested to the recognised standard of quality or Specification, 
and there he considers his responsibility ends, which, per- 
haps, may be admitted to he true, but tTie cement maker, 
in addition, generally uses his further skill in explaining 
to a consumer where the “ practical ” test may have been 
faulty, merely for the benefit of liis personal status. 

It will have been found many times over that in 
numerous ways cement work may prove unsatisfactory 
from causes which are altogether beyond the control of the 
manufacturer, and have no relation whatever to the 
quality of the cement. Probably the most common cause 
of trouble is the failure to recognise the fact, that the 
setting of Portland cement is a chemical process which 
may easily be retarded or destroyed by unfavourfible con- 
ditions. (’are, experience, and supervision are always 
necessary in the use of cement, and it is poor consolation 
for loss of time and money to throw the blame tor faulty 
work on the yianufacturer. He, may it he said, now works 
on much more scientific lines than has been tiny case in 
the past, and the cement maker is generally able to make 
a strong case for the defence where it may he necessary. 

After a prolonged and careful enquiry in numerous 
quarters and over many years into the value of the prac- 
tical test in the work as often carried out by the consumer 
in proving the quality of a cement, it has been found that 
in eighty-four per cent, of the cases specially investigated 
unsatisfactory concrete work has resulted through the 
faulty use of cements, and in addition a further eight per 
cent, of the failures were caused by the consumer ordering 
a special .product which, either by its setting time or 
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tensile strength or some other special requirement which 
has been demanded, has not been suitable for the concrete 
or other work to be carried out with the cement. *« 
There is much room for education on the part of the 
cement user. He needs to know, fiist of all, what he 
, really wants, in a cement — that l in, what properties are of 
special value in his work. With this knowledge will come 
a better ‘realisation of the necessity not only for uniform 
methods, but what is more to the point — uniform tests" 
When he realises that because one brand does not harden 
quite so rapid I) as another, it is not necessarily inferior 
for the average piece of work ; that the cement which 
fails to gain 12 or 15 per cent, over ( J00 lbs. from seven to 
twenty-eight dayA is not likely to suffer by comparison with 
average cements in any other way ; and that when properly 
made and seasoned these cements are equally good for most 
ordinary work (although one or the other may be superior 
for some special work); when, we repeat, these facts are 
generally understood and appreciated there will be no 
reason for a manufacturer to modify his test, methods so 
as to make a given showing — to obtain predetermined 
results — and uniform tests will be advanced a long way, 
a condition which the manufacturer will be the first to 
hail. 

Some of the rudiments of the use of oement for con- 
crete work are here referred to in passing : — 

Mortar that has set should be thrown away, and on no 
account be retempered for use. It possesses no hardening 
properties, and it is therefore worthless. - 
The manufacturer has it in his power to make either 
quick setting or slow setting cement. 

Slow setting cements are those that set after two or 
more hours. The slow setting cement is preferred to thq 
quick setting cement for general work. Only for special 
purposes can a quick setting cement be used advan- 
tageously. In all eases the consumer should notify the 
manufacturer which he requires. By so doing a great 
many unjustifiable complaints will be avoided ; but, above 
all, cements should not be ordered by consumers without 
the setting time asked fa/ being that which is best cal- 
culated for and suited to the work in hand. 

Portland cement is of all cemeifts the least sensitive 
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to changes of temperature. Only during the process of 
setting can any injurious effect ‘take place, and frost is 
then ^specially dangerous if the mortar is too wet. 

In operations under w$ter a quick setting cement is pre- 
ferable. «In plaster work, cornices, etc., and when work- 
ing in cold weather, a eeffient, slifmld he usq^thafc is not 
too slow setting. Jn all other cases it is most advan- 
tageous to use a slow setting cement. * 

Portland cement as .delivered to the consumer should 
be ready for immediate use, and should not, therefore, 
contain atiy free lime % since the time (CaG) is changed on 
the addition of water to a. hydrate of lime Ca»(U()) 2 , and 
the expansion which accompanies the change produces 
cracks in the hardened cement, or conerf*te. This defect 
is only found in under-burned or carelessly manufactured 
cement, and all works of repute send out their product with 
the implied guarantee that free lime is not present. As a 
safeguard some engineers, when engaged on important 
work, subject the cement to a process of aeration during 
which the free lime present, (if any) takes up moisture and 
carbon dioxide ((’0 2 ) from the air and is converted into 
hydrate of lime and carbonate of lime ((-aCOa), whereby 
the danger of expansion in the setting cement from this 
cause is eliminated. 

The following experiment illustrates the capacity of 
some cements to absorb carbon dioxide on aeration. Two 
samples of Portland cement were [dared each in a wooden 
box lined with sheet, zinc, stirred every day, and analysed 
periodically tor ryrbfm dioxide and loss on ignition. The 
following results w r ere recorded : — 

- .. JL 

Before K\jM»sure After 22 Weeks’ Exjx)sure 

■Sample A. 

Carbon dioxide ... .40% 4.57% 

Moisture and combined *' 

water 1.10% 2.01% ^ 

Sample B. “ 

Carbon dioxide ... .48% j • 4.88% 

Moisture, etc. ... .72% j 2.34% • 
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Under different climatic conditions the same cements 
gave very much lower results. The graph showing the rate 
of absorption of carbon dioxide was a straight line. r 

Portland cement, therefore, readily absorbs moisture 
from the atmosphere, and soon becomes lumpy or even a 
solid mass ih exposed damp? It must, therefore, be 
stored m a tlry place. 

Pure. Portland cement may be used as mortar where 
the work remains permanently under water or in wet' 
ground or in enclosed spaces. Otherwise, Portland 
cement must k mixed Vith a greater or less quantity of 
sand. 

The sand must be sharp, clean and graded from coarse 
to fine, the coarse preponderating. 

In making mortar the water should be clean and free 
from acid, alkali or organic impurities. 

The quantity of sand mixed with the cement is deter- 
mined by the character of the work to be undertaken. 
One or two parts (by volume) of sand to one part (by 
volume) of cement is only employed when extraordinary 
hardness, great durability and water-tight ness are desired. 
Three parts of sand to one part of cement, is the proportion 
used for ordinary masonry. 

The amount of water used in mixing the mortar is to 
be increased or diminished according to the requirements 
of the cement. General practice requires cement to be 
mixed with as little water as possible, and the mortar to 
be brought to the proper consistency by a prolonged and 
vigorous mixing. 

Mortar is made by first spreading out f Jie measured 
quantity of sand ; then the necessary amount oi cement is 
spread over it, and the mass stirred together until a uniform 
mixture is obtained; finally, the correct quantity of water 
is added, a little at a time, through a rose, and the mortar 
thoroughly worked. 

For concrete, the selection of the aggregate is of im- 
portance, because upon its strength and hardness depend 
the strength and hardness of the finished product. Where 
a good concrete is required, the stone employed should not 
be inferior in point of hardness to the cement mortar used, 
therefore it is preferable to use granite, gravel or hard 
limestone. The use of sandstone, nrickbats and generally 
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any porous stone should lie avoided if the concrete is to be 
reinforced or is lively to be exposed to the influence of 
frosty 

The size of the coarse # material should be varied accord- 
ing to the purpose* for which the concrete is to be used, 
lbut should not exceed abotft ‘2.1 iiutes in diunjpter ; it must , 
however, in all cases he graded, in order that with the 
addition of the sifnd and cement the void** may be properly 
'^'filled and the maximum density secured. 

In order that the concrete may afford the necessary 
strength* with the greatest ecopAny the proportions will 
vary according to the 'materials used and tin* purpose lor 
which the concrete is to he employed. Where a very good 
concrete is required, as, for example, irf ships, important 
reinforced work or water tanks, the proportions adopted 
may he one part (by volume) of Portland cement and three 
parts graded aggregate. For ordinary purposes, a mixture 
of one part Portland cement, two parts sand, and four parts 
coarse material is often employed; whereas, for heavy 
walls, foundations and other structures, where actual 
strength is not so important as weight and stability, the 
proportions may be 1 ; 3 : 6. 

In order to produce a dense strong concrete, every void 
must he tilled and every particle of sand and stone coated 
with cement. If this end is to he accomplished *the mix- 
ing, both in the dry state and after the addition of water, 
must be very thorough, as it is obviously highly important. 
In large jobs this is usually done by machinery, but where 
it is to he dbne by Band, the sand and cement should first 
be thoroughly mixed. The stone should then be added, 
and the whole again turned over two or three times. 
Finally, the calculated quantity of water must, be added 
gradually through a- rose, and the whole mass mixed again 
very thoroughly, and used immediately , since concrete 
begins to set within twenty or thirty minutes. 

No definite rule can be given as to the, amount of water 
to be used, as this will differ according to the nature of 
the aggregate, the purpose for which the concrete is to he 
employed, and the temperature at the time of nfixing. The 
necessary quantity must be determined by experiment ; it 
will be such, however, that when the concrete is placed 
and tampq/3 a little water will just flush to the surface. It 
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should be noted that in reinforced concrete it is essential 
that the mixture should be sufficiently "plastic to pass be- 
tween the reinforcement lind to surround thoroughly kvery 
portion of the steel, though not so wet as to aljow any 
dripping of the materia]., f 

Great importance is attached to the careful tamping of 
concrete yutil water appears upon the surface, as it is only 
by this means that maximum density and hardness are- 
secured. 

Where concrete or uniform of cement work has to be 
laid on a foundation, the latter should be thoroughly wetted 
before the former is placed. 

The qualifications of a good aggregate are that it must 
be clean, graded, hard, and, where occasion demands it, 
fire-resisting. Clean — t.e., free from clay, loam or vege- 
table matter, in order to secure the perfect adhesion of the 
cement; graded, for the reasons already given; and hard, 
to impart strength and to resist abrasion. In buildings, 
or wherever the material is liable t.o great heat, all aggre- 
gate that expands or splinters under the agency of heat, 
such as limestone and dolomite, should either be avoided 
altogether or, if used, broken into small pieces. 

The aggregates most suitable for making good concrete 
are, as already stated, granite, gravel and crushed stone; 
but other materials, such as coke-breeze, clinker and 
broken brick, may be used for certain purposes with satis- 
factory results, provided care hr taken that they contain 
no deleterious matter. 

Qoke-lbreeze is often used because of its cheapness. It 
is a good fire-resisting material, but the chief objection to 
it is that it is porous, and may allow moisture to penetrate 
the concrete, which renders it unsuitable for use where a 
damp-proof structure is required, and would be fatal if the 
concrete contained any embedded steel work. Where, 
however, impermeability is not essential, as, for example, 
in partition walls, or iii the inner leaves of cavity walls, 
coke-breezc may be usefully employed, provided it is clean, 
free from sulphur and from pieces of unburnt material. 

Clinker, like coke-breeze, is ligjit and porous, and pro- 
duces a concrete which is not so strong as that made with 
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heavier and denser coarse material. It may, however, be 
used for certain purposes provided it is well washed and 
free from deleterious matter. 

Broten brick* although porous, is often quite a good 
•material, and produces affire-resisting concrete, but great 
care si!buld be exercised in choosing it, as som? bricks con- 
tain sulphur ami unslaked lime. Only a hard-burned 
variety should be selected, Jmd any plaster remaining on 
the^bricks should be removed* and excessive dust avoided. 

Slag must be used*\itli greivt care, as*t contains more 
or less sulphur which causes the corrosion and expansion 
of the reinforcement. It may be freet^ from sulphur by 
burning, after which it should he well washed, and allowed 
to weather for a considerable period in the open air. 

Some days, if well burnt are, like brick, suitable for 
concrete where porosity is not 11 disadvantage, and burnt 
gault is said to have great fire-resisting qualities. 

Ground chalk mav be used as an aggregate where 
great strength is not required and where impermeability 
is not an essential. 

The ways in which cement work may be spoiled by the 
user are numerous, and it may he useful hereto sum- 
marise the most common mistakes : — 

(«) The use of too much water during mixing, or water 
carelessly applied, er an insufficient quantity of water. 

( b ) The line of dirty aggregate — i.c., containing earthy 
matter, clay or loam. 

(c) The use of water containing impurities. 

(d) The use of an insufficiently graded aggregate — i.c., 

one containing only coarse material or one with too much 
sand. * 

(e) The incomplete incorporation of the aggregate with 
the cement through insufficient mixing. 

(/) The use of regauged concrete which has bqgun to 
set. 


p 
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((f) The rendering of cement work on dry foundations 
and without thoroughly saturating the surface with water. 

(h) The repeated “ floating " or trowelling of ctment 
surfaces. 

Up to recent years, :t wan generally understood that 
concrete wont could not be carried out during 'frosty 
weather, and, therefore, upon the approach of frost all 
operations of this nature wore suspended. In modern 
practice, however, such means are adopted as enable con- 
creting to be carried on throughout the year. ° 

^ Heat, hastens the hardening of concrete; cold delays it. 
Experience has shown that freezing has no injurious effect 
upon concrete, that has first had an opportunity of harden- 
ing under favourable conditions for at least 48 hours. If, 
before early hardening has taken place, concrete is allowed 
to freeze and thaw at short intervals, its ultimate strength 
will he impaired ; but, as a rule, it will not show any 
serious effects jrom having once been frozen if, after it 
thaws out, it is not again frozen until early hardening is 
complete. It is far better, however, to protect the newl> 
laid concrete from frost for two to four or five days (accord- 
ing to the degree of cold) than to expose it to the possibility 
of freezing. 

Where, concrete work has to be carried on during frosty 
\veather, some method of heating the materials pre- 
vious to mixing is essential. 

The sand and coarse aggregate may be heated in 
various ways. One method, suitable Tor small jobs, is by 
the use of an improvised stove, such as an old iron boiler 
or iron cylinder. A fire is lighted within and the materials 
piled around and over it, so that the “ stove" is in the 
heart- ol the pile. The materials should be frequentlv 
raked over, so that all parts of the pile may be equally 
heated. 

Another method is that of piling the aggregate on coils 
of perforated steam pij>es, and supplying a steady suppl\ 
of steam directly to the materials. If the pile is at the 
same time covered with a tarpaulin or other suitable pro- 
tecting the heat is prevented from escaping. 

A third method is to heat the materials in the concrete 
mixer by* means of steam jets. * 
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Heating the water presents ao difficulty. The simplest 
method is to carryout this operation in vessels over a fire, 
hut an large jobs the mixing water is usually heated by 
live or exhaust steam ffom the boiler; where considerable 
^quantities of water are inquired, [ixe steam is to he pre- 
ferred* # • 

The cement# forming but a- small probation of the 
mixture, need not he heated. 

% ']ihe materials should he heated to such a degree that 
when tl*' concrete is placed the ^•mperat^re will he about 
3tM5()°. A temperature of a Ixftit 1()<)° F. xyll generally 
prove sufficient : if higher, there is danger of injury to the 
aggregate. • 

After the concrete i*« placed m position it should he care- 
fully protected. 

The operation ol healing the materials has a double ad- 
vantage : the concrete is largelx saleguarded against irost, 
and t lie hardening process is accelerated. 

A method sometimes adopted for the prexention of freez- 
ing, and which had a considerable vogue when this work 
was first attempted in cold weather, is the addition ot 
salt to the mixing water. The principle underlying this 
method is that certain substances, sueh as common salt 
and calcium chloride, when added to water, lower its freez- 
ing point. In the case of salt, eaeli unit per coift. added 
lowers the freezing point one degree. 

This method cannot he recommended. Tn the first 
place, the addition (4 salt delaxs the hardening of the con- 
crete, whereas it is most desirable that this process should 
be hastened ; then there is danger of the corrosion of the 
reinforcing steel in the presence of salt ; and finally, when 
the cold is extreme sueh a high percentage of salt would 
he necessarx that the final strength of the concrete would 
be seriously affected. 

The production of a waterproof concrete is the aim of 
cement users in a. large part of their wont, and that this 
aim mav be accomplished is unquestionable. 

The natural method of making a waterproof concrete is 
to select an impermeable aggregate, so to arrange Ihg sizes 
of its particles and the proportion of cement that, after 
thorough mixing, no voids exist. Concrete so nijjde, with 
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conscientious workmanship and reasonable precautions, 
will be waterproof without the addition' of any compound 
whatever. 

While no authoritative statement has been issued in this 
country by a responsibly. technical body on the subject of< 
waterproofing concrete, the American Bureau of Standards 
after carrying out tests with forty difl‘erer>t compounds has 
published the following conclusions : — 

“ Portland cement mortar and concrete may be made 
practically watertight or . impermeable . . ‘ . * to any* 

hydrostatic fiead up to 40 ft. without the use of any of the 
so-called ‘ integral ’ waterproofing materials, but in order 
to obtain such impermeable mortar or concrete, consider- 
able care should be exercised in selecting good materials 
as aggregate, and proportioning them in such a manner as 
to obtain a dense mixture. 

“ The addition of so-called ‘ integral ’ waterproofing 
compounds will not compensate for lean mixtures, nor for 
poor materials, nor for poor workmanship in the fabrica- 
tion of concrete. Tf the same care is taken in making the 
concrete impermeable without the addition of waterproof- 
ing materials as is ordinarily taken when waterproofing 
materials are added, an impermeable concrete can be 
obtained'.” 

With the same proviso, concrete is perfectly suitable for 
the storage of certain mineral oils. The coarse material 
and sand used must not be of a porous. character, and must 
contain no foreign matter whatever; they must be well 
graded dfrom coarse to fine, so that there is no excessive 
proportion of particles of any one size; and the coarse 
material and sand must be used in such proportion one to 
the other as will give when mixed with the cement the 
least bulk of concrete for given volumes of each of the 
materials when measured separately. Just sufficient water 
must be used for mixing the concrete to ensure a thoroughly 
plastic mass, which will flow into place, and which can he 
consolidated with light tamping. 

While it is now well established that concrete may be 
used for the storage of mineral oils, its suitability in the 
case of vegetable and animal oils isgnot so clear, since these 
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are liable to contain fatty acids, which attack the concrete. 
As the result of many tests, it ‘may be stated that while 
manjf vegetable oils may be safely stored in concrete recep- 
tacles, the material is njt suitable fey the storage of animal 
oils unltss the surface is treated with some acid-resisting 
product. 
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CHAl’TEK Will. 


Possibly the ffrst enquify the cement user makbs as to 
the quality of the material under notice takeR the form of 
a test for fineness ; thus in passing through the manufac- 
turer s stores, or* when the first hag is opened on the- 
contractor’s works, the cement is mechanically and half- 
uneonsciously passed through the fingers in order to ascer- 
tain the fineness. The coarse particles in a cement can 
thus be readily perceived, and the practised tester is, in 
this way, able to gauge approximately the residue present 
in the sample. 

The test of Portland cement for fineness of grinding 
is somewhat indirect, for assuming that a finely-ground 
cement is sounder and stronger in test for tensile strength 
with sand briquettes, then such qualities are unmistakably 
determinnd in those tests. And, further, the apparatus 
used and methods adopted in the fineness tests are not 
considered satisfactory ; but since strictly precise results are 
not absolutely essential, the present methods are perhaps 
sufficiently accurate for the purpose. * 

In many of the tests for fineness which have been made 
from tifhe to time it appears that the fine grinding of 
cement very often reduces the tensile strength in neat 
briquettes, but increases the strength when a mixture of 
sand and cement is tested. 

For the paRt few years there has been a growing desire 
on the part of engineers for a much finer cement, and it 
may be said that the principle of fine grinding is now’ in 
the ascendancy — an improvement in the manufacture 
greatly in favour of the consumer both as regards economy 
in use 'and reliability in lrsult. Much has been written 
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concerning the value of fine cements, but it is necessary 
to explain further what results are to be exacted in the 
testing and by the^proper use of a finelv-ground material ; 
for. iftiless carefully dealt with and thoroughly understood, 
a fine client is cajculafed rather to prejudice the. cement 
*]ser against what is undoubtedly.^ superior article. 

Yeaift ago the usual fineness called for in It dement was 
about 10 per cent, residue on a 50 by 50 sieve (/>., 2,500 
•Julies to the square inch), land inuch valuable work has 
beeft done with a cement of this fineness in the past, hut 
to-day the fineness is more likely tfo be 


Sieve 50 by 50 
„ 76 by 76 

,, 100 by 100 

180 by 180 


Residue Nil 
• ,, trace. 

,, 3 per cent 
,, 10 per cent 


The "British Standard S| reification calls for a. cement 
that shall he ground to comply with the following con- 
ditions of fineness : — 


“One hundred grammes 14 oz. approximately) of cement 
shall be continuously sifted for a period of 15 minutes on 
each of the undermentioned sieves and in the order of 
succession given below, with the following resiles : — 

“ The residue on a sieve 180 by 180 = 32,400 meshes per 
square inch, shall not exceed 14 per cent. 

“ The residue on a sieve 76 by 76 = 5,776 meshes per 
square inclfi, shall flot exceed 1 per cent. 

“ Air-set Uimps in the samples may be broken down 
with the fingers, but nothing shall he rubbed# on the 
sieve. 

“ The sieves shall be prepared from wire cloth, and the 
diameter of the wire for the 32,400 mesh shall he .0018 
inch, and for the 5,776 mesh .0044 inch. The wire cloth 
shall he woven <not twilled h the clotlj, being carefully 
mounted on the frames without distortion.” 

Too much attention cannot be paid to fineness of grind- 
ing, for the finer the cement the more intimately can it he 
incorporated into the aggregate used for the concrete, and 
therefore the stronger will lie the ultimate work. At the 
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same time, however, the use of a fine cement necessitates 
a more careful study of its properties. 

As has been stated, the test for fineness derives im- 
portance from the fact, apparently well established, f chat, 
other qualities being equal, fine cement has a much greater 
sand or aggregate carrying capacity than coarse cement/ 
has ; that is, 'it will show an increased strength with the 
same charge of sand, or equal strength with a greater 
charge. <• ^ ^ 

Now, Portland cement, ( as delivered by the manu- 
facturer, consist^ of a miriture of coarse and fine particles, 
respectively Jvnown as “ residue and “ flour,” anti 
the value of a “ floury ” cement consists in this : — First, 
that the cementitious property of the material is believed 
to reside principally, if not wholly, in the very fine par- 
ticles; and, secondly, that the “residue” consists of a 
practically inert material, or even possibly so much adul- 
teration. This residue— when not an adulteration — is 
found to be a cement (generally the hardest and best 
burned material) that has been reduced, in the process of 
grinding, only sufficiently fine for the water added in use 
to attack the surface of the particles, the interior of which 
remains inactive. If these particles were reduced to flour, 
it would he found to he a good quality cement, showing a 
high tensile resistance (see Table P in this chapter). 

Two sSmples of cement at present on the market, when 
tested for percentages of residue, fine grit, and flour, 
si lowed the following results : — 



t *• 

Per cent. 

Per cent. 

Kesifiuo 180 by 180 sieve 

... 12.3 

0.20 

Fine grit from Flourorneter 

... 27.5 

35.00 

Flour 

... 00.2 

55.14 


100.00 

100.00 


The ever-increasing fineness to which cement must be 
ground te meet modern demands has now, however, 
reached a point where ordinary methods of sifting are too 
inaccurate, and some othdr arrangement must he used for 
separating the finer particles into different sizes of grains. 
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It is true that fineness of-grindimr is not alone to be taken 
ns indicating the quality of a cement — certain well-known 
statements to tin? contrary notwithstanding — ag weakly 



burned cements will give a larger proportion of fine 
material for the same amount of grinding than # those with 
a harder clinker, though the letter are usually the more 
valuable as cement. 
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A good brand of Portland cement as ground at the 
present time should contain about 50 to 60 per cent, of 
impalpable flour winch, it has been stated, is alone the 
active agency, and full size photographs are here {liven 
of test fiats of the residue and flotir of, which a Portland 
cement is comjKiscd. 

The proportions of the fine and coarse particles of Port- 
land cement are shown in fifteen samples of cement 
wliicli were tested for fineness on varying sieves ni;d~ 
for flour percentage, and the results of these tests 'are 
as follow’s : — 


Sample 

No. 

nr 

o 

Residue 

50 by 

50 ‘ 

o/ 

o 

Residue 

70 by 

70 * 

O' 1 

o | 

Residue | 
100 by 
100 ' 

O' 

o 

Residue 
180 by 
180 * 

O' 

o 

Flour in 
Flouro- 
meter 

1 

Nil 

1.0 

2.5 

14.0 | 

62.7 

2 


0.5 

2.5 

14.0 

(10.5 

ii 


Trace 

2.0 

12.0 

58.1 

4 


M 

2.5 

13.5 

57.9 

f) 1 


0.5 

2.5 

13.0 

05.5 

6 1 

|% 

0.5 

2.5 

13.5 

65.0 

7 


0.5 

2.5 

13.0 

55.0 

8 


0.5 

2.0 j 

12.0 

| 49.8 

ft 

|( 

0.5 

2.0 ! 

13.0 

59.0 

10 


Trace 

2.0 

1 12.0 

* 55,0 

11 

M 

0.5 

2.0 

11.5 

51.0 

1- 


0.5 

2.0 

11.0 * 

63.0 

13 « 

Trace 

1.0 

2.5 

11.5 

53.0 

14 

Nil 

0.5 

2.5 

11.5 

66.0 

15 

" 

1.0 

3.0 

12.5 

55.0 


Further, to show the actual adhesive and cohesive 
qualities of the fine and coarse particles of "which Portland 
cement is Composed, some grinding tests are here given 
showing the neat tensile strains of a cement as delivered, 
and the residue and flour tests of the same cement. 
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Tensile Tests of Neat Cement, Flocr and Resiihes. 


1 

Inscription of Sample 

7 days 

28 days | 

• 

Remarks 

• • 
dement as Drawn. ... 

• 740 

. 890 ' 

Neat Cement, ganged 

• 

750 J 

850 

wdli* 18% water. 

« 

700 

900 


«Wg£inj2i> in lbs. per sq. inch ... 1 

*30 ; 

880 


j 

* ! 

1 


• 

Residue on 100 bv 100 sieve 

30 •< 

;• «. 

Ifcat (Vment, gauged 


35 

! 50 

witk 10° o water. 


[ 40 1 

1 30 


Average in lbs. per sq. inch ... 

35 

43.3 

I | 

■ 

Residue <>n 180 by 180 sieve ... 

70 

no 

Neat Cement, gauged 


70 ! 

! no 

with 10% water. 


so 

110 ! 

! 

Average in lbs. per sq. inch ... 

73.3 

no 1 

| 

Cement passed through 180 by 




180 sieve 

040 

700 

! Neat Cement, gauged 


715 

! 700 

! with 18% wutcr. 


! 780 

| 810 


Average in lbs. per sq. inch ... 

711 

j-770- 

! 

j 

Flour from same Cement* 

520 

1 000 

j Neat Cement, gauged 


525 

035 

1 with 30% water. 


550 

045 


Average in lbs. per sq. inch ... 

532 

027 



The conditions resulting from the tine grinding of cement 
may be stated as follows : — , 

(1) A fine cement is used with greater safety in work. 
This is confirmed by the fact that the materia] is nearly 
always able to withstand the hot tests for soundness, and 
this again is due to the fact tlmf the atmospheric rfioisture 
— or even the water used in gauging — at once attacks any 
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uncombined lime, and thus renders ultimate disintegration 
practically impossible. A photograph is here given of a 
coarsely-ground cement (J 5 per cent/ residue 76 by 76 
sieve) which lias been subjected to a steam test and may 



be compared with a test pat of the same sample of cement 
when re-ground so as to pass through a 76 by 76 sieve. It 
will be noticed that the coarse sample shows a serious dis- 
integration under heat, whereas tl^ finely-ground sample 
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* 1 

has withstood the same test without showing any sign of 
unsoundness. i “ 

(2> The fine grinding of a cement renders the material 
of a Quick-setting nature (this, however, should not be 
iconfounaed yvith * what is ignorantly termed “ hot ’ ’ 
cement) ; the cause ot tnis quiclv hardening, being that 
the water used ip gauging acts more readily on the soluble 
.juortions of the material non* haid bare by the filler griud- 
ln^'W It must be noted, Ipwvever, that finely-ground 
cement^ have a common tendency to develop contraction 
cracks when made up into t*sF pats iiifless special pre- 
cautions are adopted to prevent them, owiitjj to the ex- 
cessive proportion of water required to make a paste. To 
illustrate this point further, three phofographs are here 
given of test pats of a finely -ground cement containing 1 
pci cent, residue on a t (> by 7(i mesli sieve and oM per <*ent. 
ol flour. Plate L shows the neat cement pat which, when 
gauged, was enclosed in a damp box to set, and is thus 
t hoi ought \ sound. Plate 2 shows another pat of the same 
cement placed in the air to dry, and which has developed 
some contraction cracks. Plate 3 is a quite sound test pat 
made up of a mixture of rlu* same cement and sand in the 
proportions of one and one and treated under the same 
conditions as the unsound pat in I Mate 2. 

(3) Fine cement is found to develop its tensil# strength 
in much shorter periods than a coarsely-ground product. 

(!) One of the effects of the increased use of finely- 
ground eeipent is pow very often seen in concrete work, 
and more particularly is this the case in the preparation 
of granitic hr other floor construction work in concrete. 

* There is no doubt that it is the aim of all thofce whose 
business it is to lay concrete floors to give an absolutely 
smooth and true surface. This is very pleasing to look 
upon, and credit is generally given to the pavior who gives 
the best and truest finish, but the frequent result is that 
the upper surface of these floors easily* wears away, and 
causes a considerable amount of “ sanding ” or “dust- 
ing.” In these days of finely-ground cement, it is un- 
wise to do so much surface trowelling, for this*s undoubt- 
edly the cause of the defect. • If the granitic surface is 
once trowelled, then an excellent wearing surface results, 
and the upper layer of concrete in the granolithic will be 
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from *20 to 30 per cent, stronger. • hi the case of the setting 
of a finely-ground* cement being interfered with by over- 
trowelling — which, by the wa\ , was ylniost impossible with 
the old t eoarsely-grouncP cement— then a- “ dusting ” sur- 
•face is bound to result. , 

In (ionsidering the neat tensile strength tefct* of a finelj- 
ground cement,* therefore, it will be found that. there are 
•Only slight differences hetxfeen the three and seven days’ 
tesfls. This is the result of the active particles being the 
more readily and immediately attacked softer the gauging 
of the briquettes. • • # 

The following schedule of tests shows the neat and sand 
tensile strength results of three cements,ground to varying 
degrees of fineness, viz. : — 

T \ble A. 


Percentage of (Yrnenl passing tlirou^h ISO b\ ISO | 


mesh mew ... ... ... ... j 

1 

| HO" , 

Sfi° 0 

!«'°o 


Ihs. per Hi|uarr 

in<*h 


i _ — 

-A- 

— 

Tensile at renut h at 7 days, neat 

r»fio 

fiso 

485 

Ditto, at 28 day* ••• ... .. • - 


050 

54 fi 


• 


Ditto, at six months 

790 

720 

740 

to 1 Sand and Cement at 7 days 

| 220 

205 

320 

• • 




Ditto, at 28 days 

j L>rK) 

320 

380 

• 




Ditto, at six months 

j 330 ; 

4#0 

480 


Other results as to the effects of fine grinding on cement 
are here tabulated. 


Table B.— *28 Days’ Tests. Sand amK’ement 3 and 1. 

With cement as received ... ... ... 221.fi lbs. per sq. inch 

Same Cement re-ground to pans through 100 mesh 

sieve 422.5 # „ „ 

Same Cement re-ground to puss througli ISO mesh 
sieve ... ... ... ... ... 405.0 m 

Cement Hour ... ... ... 491.0 „ 

Flour from re-ground residue ... ... fi81.fi „ 
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These experiments weje, however, made with an ex- 
ceptionally poor cement, which, when feceived, contained 
only 28.00 per cent, of flour, the residue on a 76 Ly 76 
mesh sieve being 1() per cent, and on a 100 by 100 mesh 
sieve 19 per cent. The sand u$ed in the te$ts was made 
from Portland stone, and had been passed through ^ 20 by 
20 mesh sieve and retained on a 80 by 80. sieve. 

The value of a good quality modern cenient (Table C.) 
containing 58 per cent. o£ “ flour ” may be here, de- 
monstrated by comparing the result of its tensile strength 
tests with those of other well-known brands of English 
cement (TalJle 1>.), but more coarsely ground. 

Table C. 




3 Sand to 1 Cement. 1 in. by 1 in. section 

Fineness 

Flour 






7 days 

1 4 days 

28 days 

5% 100 s 

fl8% 

310 

320 

370 



310 

320 

300 

1 % 

.. 

300. 

310 

350 



300 

310 

350 

Nil 50* 

.. 

290 

300 

340 

«i 


200 

280 

300 


Average 

300 lbs. 

300$ lbs. 

345 lbs. 


~ - .. 

_ 




Table D. # 


V 


3 Sand to 1 Cement 

, 1 in. by 1 in. section 

Fineness 

Flour 

7 days 

28 days 

14% 100« 


187 lbs. 

245 lbs. 

8% 76* 

183 „ 

276 „ 

4% 50* 

M 

240 „ 

297 „ 

• 

Average j 

203} lbs. 

272$ lbs. 


Again, the following are some4ests of another sample' 
of cement 76 per cent, of which passed through a 200 by * 
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200 mesh sieve. The briquettes were made of one part 
cement and three parts standard %and by weight, viz. : — 

• . lbs. per square inch 

• 9 7 days 28 days 

(fluent as taken from bajf ... ... 343 ... 400 

-Kesidue on 200 mesh sieve ... ...• ... ... U0 

Cement pAse<l through 200 mesh sieve ... 489 ... 501 

• 

* . • 

■P will thus he seen from thg results of these tests that 
the coarser particles of clinker absorb water very tardily 
and are practically inejt and hi^\/* very feeble cementing 
properties. • 

As to the definite action and results of high percentages 
of the coarser particles in eements there seem to be many 
theories, but little knowledge is available at present, 
since conditions vary to such extremes. 

There is no doubt that the character of cement residues 
is governed entirely by the methods and materials and 
processes used in the manufacture of each identical sample; 
and further, it cannot be said at what point of fineness 
grains of cement begin to have a cementitious value, blit 
it must he conceded that the coarser particles in a cement 
slake far more slowly than the cement flour. With the use 
of line cements, therefore, there is the advantage that 
expansion will occur early in the process of hardening if 
it is to occur at all. 

The ground product from a rotary kiln may be divided 
into (a) flour; i h) comparatively large pieces of clinker 
grit retained on the ftiO by 180 sieve ; and (r) fine particles, 
small enougluto pass through the 180, but which are, 
nevertheless, particles of hard clinker grit. Tt is shftwn by 
tests that the fine grit (e) gives high expansion figures, 
whilst both flour and residue give rise to only a very 
slight divergence of the needles of the Le Chatelier mould. 

The changes under the influence of boiling water thus 
observed in the three different stages <#f grinding are 
as follows : — 

(a) At the time of gauging the cement the pafrticles of 
flour, so-called, are hydrated more or less completely. 

(b) Particles of clinker grit of Comparatively large size 
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are not hydrated, except perhaps on the surface, and act 
throughout aH inert material. 

( c ) Particles of fine grit (clinker), which are ,small 
enough to pass the 18J by J80 mesh sieve, are only partially 
hydrated at the time of gauging. The cement then sets 
hard, but ynder the influence of heat , when the block is 
boiled, the hydration of these small particles continues, 
with 'Consequent expansion, ynless the "composition and 
burning of each particle are perfect. ^ 

In a test made on a portion of the sample fro, pi which 
the fine grit was taken, including the whole of the residue 
on the J8U sieve, it was shown that the original cement, 
boiled for six hours, expanded 29 mm. The cement minus 
the fine grit expanded 5 mm., anil after seven days’ im- 
mersion in cold water the expansion was 8.5 nun. 

But to imagine that such an experience as related above 
would be found to he the case in all cements is quite a 
fallacy, and as before stated, such results may not he con- 
firmed by further experiments with an average number of 
samples of rotary and other cements made by other 
methods and other machinery. An instance of this un- 
certainty in the results due to the expansion of the “ fine 
grit ” particles in cement (and from further tests carried 
out on the lines of the before-mentioned experiments) is 
shown i.i the following tests of three other samples of 
rotary kiln cement. The results then arc quite 
contrary to those previously referred to, and from these 
results neither the difference in fineness of grinding nor 
the aeration of the cements seems to make any marked 
difference in the expansion as shown by tlu Le Ch atelier 
method of testing for soundness. The samples of rotary 
cement here referred to were laid out } in. to -} in. thick 
for aeration, and tested at varying periods, with the stated 
insults. 

It will he apparent, therefore, that although in some 
cements it ma) be found that the “ fine grit ” is a 
dangerous and expensive element, with age, yet in other 
cements both from rotary and stationary kilns the fine grit 
particles have no disturbing element at all after aeration ; 
so it must again be said that the function of the coarser 
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particles in a cement is determined more by the conditions 
and methods of manufacture in the product under notice 
than to any certain and definite result which is to ke ex- 
pected from all cements of whatever manufacture or pro- 
cess. 

In a recent investigation relative to the influence of 
varying proportions of fine material in .Portland cement, 
the most striking results r were those tin which the 
effects of normal cements ( with 17 per cent, and ^-'per 
amt. residue respectively on a 180x 180 sieve vyere com- 
pared. The results below are the .average of five tests of 
each material, the briquettes being composed of one part 
of cement, 3 parts of normal sand, 2 per cent, of plaster 
of Paris, and 8 per cent, of water. 


Strength in Lbs. per Square Inch 


Residue on | 
180 sieve 


7 days 


28 days 


3 months 


l year 


17 per cent. ... 375.9 437.4 629.7 

2 per cent 416.0 485.6 576.5 


560.0 

617.7 


The accompanying curve illustrates these results, and 
shows still more clearly the benefits to he obtained by 
grinding the cement so as to leave as small a residue as 
possible on the 180 by 180 mesh sieve, which is at present 
the standard sieve for the testing of the fineness of Port- 
land edment. 

Where a neat cement for any detail of constructional 
work is used, the same results as would be obtained w T ith 
"a coarsely ground material must not be expected from a 
modern finely ground product ; and since a good proportion 
of residue is noV done away with in first-class cements a 
mixture of sand may be necessary to ensure against the 
contraction cracks which would probably develop in a fine 
cement; if used neat. 

The inabilities of economy and increased efficiency in 
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the line grinding of cements are»by no means sufficiently 
appreciated at the present time by cement users ; and it is 
not overstating the case to sav that by using a finely ground 
cement, with a judiciufis admixture of sand* the oon- 
4ractor’s worl$ can 'he carried out far more satisfactorily, 
and at Jess eost than with coarser "cement s. • • 

It has been shown, then, that the proportion of flour 



Tknsilk Sthi-.nuth Tests of ('kmknt at a Vakvjnu Kinknksb. 


and residue contained in a cement is a jioint of material 
importance; and after the percentage of each has been 
ascertained in a given sample an intelligent as well as an 
economical use of the material should follow from a know- 
ledge of the manufacturer’s increased expense in jiroduc^ 
tion, and the reduction of the works’ output in supplying 
a finely ground product. 
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Thus from what has been stated, it will be seen that 
the test for fineness should be directed tto determining the 
proportion which is very fine rather than the residue 
above a certain size, "and this points to the way in which 
the fineness test should be carried out'. , r 

While it .in- generally recognised that the finer cement 
is ground the greater is its cementitious value (the 
coarser particles having littre or no setting property 
according to their reflective sizes), all the researches 
which have been made in connection with the ^fineness 
of Portland ceihent convoy very little information with 
reference to* the effect of fineness of grinding upon the 
strength of concrete. This deficiency has recently been 
made up in some measure bv the results of five series of 
tests conducted for the American Portland Cement 
Association at the Lewis Institute, Chicago. 

Covering a jxuiod of over four years, the investigation 
comprised some (5,000 compression tests of concrete. 
0,000 compression and tension tests of mortar and 
several thousand miscellaneous tests, fifty-one different 
samples of cement being used, ranging from 4 to 7 de- 
grees of fineness. Tt is evident, therefore, that the 
results of the tests afford an adequate basis for the 
drawing of reliable conclusions, chief among which are 
the following : — 

(1) There is not necessarily any relation between the 
fineness of the cement and the strength of the concrete, 
if different qualities of cement are considered. • 

(2) As a general rule, the strength of the* concrete in- 
creases rvitli the fineness of a given lot of cement, for all 
mixtures, consistencies, gradings of the aggregates and 
ages of the concrete. 

(3) Cements with residues lower than 10 j>er cent, are 
inclined to give erratic results in the strength tests, but 
for residues higher than 10 per cent., the strength of the 
concrete varied approximately in inverse proportion to 
the residue on the 200 mesh sieve. 

(4) Finely ground cement is more effective in in- 
creasing the strength of pcW rather than rich mixtures. 
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(5) Fine grinding is more effective in increasing the 
strength of concrete at 7 days than at from ‘28 days to a 
year. t / 

• . * 

(C>) The decreased benefit of fine grinding with the 
age of the concrete does not bear out accfjfted opinion 
1 . that the coarser ’particles ^ cement do not hydrate, but 
Indicates that the principal result of finer grinding is to 
hasten tjie earlv hardening of the concrete . 

.• 

( 7 ) For the richer mixtures and the* consistency 
necessary for building construction, the fineness of the 
cement has no appreciable effect on tlie workability of 
tlie concrete. 

(8) The normal consistency of concrete increases with 
the fineness of the cement, and about 0.1 per cent, of 
water (in terms of the weight of the cement) must be 
added for each J percent, reduction in residue on the 200 
mesh sieve. 

These results of the experiments support the view that 
the ultra fine grinding of cement is a feature that has 
few real or permanent advantages. Fine grinding in- 
creases the strength of concrete at early dates, but the 
merits of fine grinding at periods exceeding a month are 
not so pronouneedi and the constructional engineer is 
more concerned with the strength of the concrete at ages 
of two months and onwards when he applies the full 
load to his work. * 

Chemical composition has a greater effect u|K>n quality 
than fineness of grinding, c.r/., one brand of cement with 
a raw residue of Jf> [x*r cent., and cement residue of 13 
per cent., is found to he as good in qualify, or better, than 
another cement with raw and cement residues of 4 per 
cent, on the 180 sieve. 

4i has been generally accepted in this cotmtry that 
4 ‘ the finer the cement the greater its strength when 
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mixed with sand and aggregate,” and this belief has re- 
ceived support from results of investigations recently made 
by the American Society for Testing Materials. * 
Starting from a basis of cemeftt having 20 per cent, 
residue on the 200 x 200 mesji sieve', and ( upon invests 
gating the„q'>n)pressivo strength of concrete mixtures 
varying from 0 parts of aggregate to 9 parts of aggregate 
per ] mrt of cement, it has beMi established that for eaoh 
degree of improved iineners the following increase's of 
strength occur: — 


7 d*ys 
28 ,, 


2.0 percent. 

1.8 „ 


90 1.1 

J80 - - 1.1 

000 - - - 1.0 


Thus, concrete containing cement with a residue of 
15 per cent, on the 200 mesh sieve is 5 per cent, stronger 
at a year than similar concrete 1 containing similar cement 
with a residue ot 20 per cent, on the 200 mesh sieve, 
and at an age* of 7 days the concrete is 11.5 per cent, 
stronger. 

1 here 4 \vould, of course, be a limit to this ratio of in- 
crease in strength, and the calculation is, therefore, no 
doubt, intended to apply to proportionately small increases 
in the fineness of grinding above the standard given. 

Reverting to the fineness test, the sample of cement 
for sieving should he a quantity weighing 1V)0 grams as 
perhaps 6he most convenient. The weight in grams of the 
residue then remaining on the sieve represents the per- 
centage retained by that particular sieve. A convenient 
size sieve for this test is about Bin. in diameter. The 
manner in which the shaking is carried out determines the 
length of time required for the operation ; some 15 minutes' 
gentle and continuous tapping of the sieve on a table 
should, however, be found ample. 

The sieves used for the test should be frequently ex- 
amined,' under a magnifying glass ^if possible, to see that 
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no wires are displaced, leaving apertures larger than the 
normal. 

This system of determining the /ineness of Portland 
cement by the percentage of residue on a certain sieve lias 
- bedn .subjected to much en- 



quiry and argiftifent, chiefly 
on account of the variations 
found in the thickness of 
wire of which the gauge of 
the sieving ig manufactured. 

*ln this country there had 
been no general standard of 
size for the wire until the , 
British Standard Specifica- 
tion gave such details, nor 
was there any agreement as 
to how long the actual 
sieving process w r as to be 
continued. This has, how- 
ever, now been clearly de- 
fined, and the importance of 
the thickness of the wire 
used in sieve-making is ob- 
vious when the difference is 


Pemknt Tkrtinu Sieves. observed in the Asults of 


the tests for fineness by two 
sieves of the same number of meshes per square inch, but 
which difleii materially in the size of the wire; the reason, 
of course, being that the apertures are much smaller in 
one case than in the other. # 


Since, however, it is desirable to know the percentage 
of actual flour in a given sample, according to the 
different classes of grinding machines used in the process 
of manufacture, an apparatus has recently been devised 
for this purpose, and is illustrated here* The machine 
was designed with a view to putting the estimation of the 
flour content on a “ quantitative ” basis, and .is termed 
the Flourometer. The principle of this instrument is 
simple. A definite amount of cement is “ washeef free 
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from “ flour ” by a current of air, and the non-flour 
residue is weighed; the difference between the original 



The Standard Klo^rometeh for the Estimation of the “ Flour ” 
in Cement. 

% 

and the final weights giving the proportion of the flour 
present*. 
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I The Flouibmeter has thus been 
designed to overcome some inconven- 
ience% found during the practical work- 
ing of the tqpt with an earlier flouro- 
meter apparatus. The new pattern 
may be said to be almost* automatic; a 
weighed |ample of cement having been 
placed in the instrument (F), the bell 
of the aerometer is raised to its full 
extent, a stqpftock is upened and the 
apparatus can then be 4eft without 
attention. Tn ten minutes time the • 
separation of the fhfur will be coni-* 
pleted, and the residue will be found 
collected in a small removable glass 
receptacle (B). It then only remains 
to weigh the residue to determine the 
percentage of flour contained in the 
cement. To make another test it is 
necessary to replace the residue receptacle 
and proceed as before; there are no 
screws or washers to be fitted and arranged as in the old 
pattern previously introduced, and in consequence far 
more tests can be made in a given time. # 

Bepeated tests with this Flourometer have conclusively 
proved that its results are more accurate than those of the 
original patyern ; farther, there is the saving of time, ten 
minutes against three-quarters of an hour per test, the 
elimination ctf the need for constant attention, and the ease 
with which tests can be made rapidly one after another — 
points which will find greater appreciation than resulted 
from the introduction of the first Flourometer. 

For ensuring the economical working of Griffin, Ball 
and Tube, and other fine-grinding mills an appliance of 
this kind is valuable, as it enables tests to be made at 
frequent intervals, and indicates how the mill may be 
adjusted so as to give a maximum of f>owder # of the re- 
quired fineness with the expenditure of a minimum of 
ppwef. 





Tests for Bushel Weight and Specific 
, Gravity. 

CHAPTER XIX. 

I 

The present period of the fine grinding of cement has 
rendered useless and mid? obsolete the old-time tests of 
“weight per bushel.” So long as all cements were 
ground to about the same degree of fineness — a degree 
which, by the way, was not to be compared with the fine- 
ness of cement now put on the market — the requirement 
that a cement should weigh a specified number of pounds 
per striked bushel was found fairly satisfactory when 
made workable by uniform methods in carrying out the 
test. In some specifications even now one may find it 
stipulated that the cement shall w 7 eigh not less than 
1J2 lbs. per striked bushel,” and qualifying details of the 
test are added as to the way in which the measure shall be 
filled, viz., from a hopper about ]8 inches above. 

The weight of cement per bushel was a test first used 
in the sanies of cement tests, and its object was doubtless 
to ensure the material being of a well-burned and un- 
adulterated quality. ’ The test was in vogue when what 
was presumed to be a heavy cement ^vas rnoye in favour 
than a light cement, without regard to fineness; but its 
continued use to-day would only be of value®if the bushel 
tests wA'e of a graduated scale, according to the fineness 
of the grinding, for the finer a cement ih ground the more 
bulky it is, and the less is its weight per bushel. Contrary 
to the old experience, therefore, the weight per bushel 
of cement if demanded to-day should be of a reduced 
quantity. Rotary kiln cements are, however, generally 
and comparatively heavy in weight per bushel. 

As the call for a finer cement increases, the weight of 
112 to 120‘lbs. per bushel, once easily attained cannot now 
be reached, and the weight of a well-burned ordinary 

( 252 ^ 
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cement ground fine enough to pass through a sieve having 
5,776 meshes to the square inch ^76 by 76) will be about 
105 to 110 lbs., anti 110 to 115 lbs. if a Hotary cement. 

The weigh*t per bushd test is now' sometimes used by 
contractors who ar& in tlie habi^ of employing cement by 
Pleasure, and "they thus desire us bulky a piquet as pos- 
sible, ifhmding its tests in other ways are good. The 
weight test may, 'therefore, |till have its sphere df utility. 
%*When the test is used, therefore, it must be carried out 
with*care, as there is a considerable personal factor to be 
reckoned with. The, old metjiGds of determining the 
weight of cement per bushel consisted of apparatus so 
arranged that the hoppers have no direct communication # 
with the bushel measure. The cement flius falls into the 
measure at a uniform rate and to an equal density, afford- 
ing comparative determination between the weights of 
different brands of cement. 

The quality shown in checking the weight of cement 
was later, however, generally ascertained by calculat- 
ing its specific gravity, or the weight of cement as 
compared with the weight of an equal volume of water 
or other standard substance at the same temperature and 
pressure. This test is carried out with facility by one or 
other of the simple appliances which have been devised, 
and the results are immediately known. 

The specific gravity of Portland cement which has not 
been calcined at a sufficiently high temperature, or which 
contains a considerable portion of free lime, varies from 
2.9 to 3.05, find a goftd cement when freshly ground usually 
has a specific gravity exceeding 3.10. The age of the 
cement to be tested must first be taken into account in 
appreciating the value of this test, the results of which 
* are found to decrease according to the time the cement 
has been in store, because of its absorbing carbon dioxide 
and water vapour from the atmosphere. Most freshly- 
ground cements have a specific gravity above 3.10 and an 
aerated cement can be brought back to its orginal condi- 
tion by heating to redness for a few minutes, and so 
driving off the moisture and carbonic acid gas absorbed 
since being ground. 

A high specific gravity does not, *nowever, necessarily 
prove a cement to be of high quality ; for an adulteration 
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may be added, such as slag, which does not appreciably 
reduce the specific gravity. Generally speaking, however, 
the specific gravity test has a value in ^hat other adultera- 
tions most likely to^be practised^ and most to be /eared, 
are made with materials which reduce the specific gravity ; 
and the test is also said tio be sometimes useful in deter- 
mining an under-burned cement which may fafi below 
3.00, or. an over-burned product. The test for specific 
gravity is of value when care is exercised in the asce* 
taining of results, and although rarely adopted ds an 
ordinary test by eemerat users, yet with the ‘accuracy 
of the laboratory, where the necessary appliances are at 
band, a reliable result is readily obtained. 

The chief causes likely to affect test results, and, 
therefore, to be guarded against, are as follows : — 

incorrect weighing of the cement sample for test. 

Variation of temperature during test. 

Waste of cement in filling apparatus. 

Air bubbles. 

Some authorities find that owing to absorption of water 
and carbonic acid (having specific gravities of 1.0 and 0.88 
respectively), the specific gravity of cement decreases with 
age, or after aeration, but it is surprising that, after 
ignition at red heat to expel the water and carbonic acid 
and to feduce the material to practically the same con- 
dition as regards these substances as when it left the kiln, 
the specific gravities of various cements were so nearly* 
identical as to render the test of little or no- value as an 
indication of quality. The results of preliminary experi- 
ments with thirty different cements, having specific 
gravities varying between 3.026 and 3.138 — i.e. 9 a differ- 
ence of 0,112 — showed that after ignition the specific 
gravities differed by only 0.016, which is well within the 
range of experimental error in ordinary technical deter- 
mination. 

In order to test the generally accepted theory that 
specific gravity is an indication of the degree of calcina- 
tion, twenty-eight samples of black well-burned, and 
yellow under-burned clinker from the same kiln or charge 
were obtained by Mr. I>. B. Butjer from various works, 
and the specific gravity of each sample was ascertained 
(1) in f the condition in which it was received, and (2) after 
ignition at red heat. The results showed that all the 
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Hopper and Bushel Measure for Ascertaining Weight of 
Portland Cement. 
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yellow under-burned samples, when they had absorbed 
any appreciable amount of water and carbonic acid, had 
a much lower specific gravity thair the well-burned 
samples, but that after ignition at reel heat the specific 
gravities of the well-burned and '‘under-burned materials 
were practically identical. 

The specific gravity clause is no longer included in the 
British Standard Bpecifi cation for cement, and a labora- 
tory can probably make no greater mistake"! ban to reject 
a cement on the ground of 'ow sf>ecifie gravity alone un- 
less it has been ascertained that this low gravity will 
actually affect the quality of the work. An abnormally 
low specific gravity in cements is caused by the presence 
,bf water combined or absorbed, by under-burning, or by 
adulteration or blending. Now where a low test is found 
it should be at once the work of the laboratory to discover 
the cause of this condition and not to condemn the cement 
outright for a quality that may be actually beneficial. 

It is well known that the absorption of moisture during 
the process of seasoning wall cause a considerable lowering 
of the specific gravity. 

Another series of tests was recently made on this point 
by taking samples from bags of cement which were ex- 
posed to the ordinary air of the labmatory and making 
weekly determinations of the s|)ecific gravity and 
monthly determinations of the strength. The cement 
as recorded was comparatively fresh, and gave a gravity 
of 3.12 as it stood and 3.17 after drying at 212 degrees F. 
At six months it gave 3.09 undried end 3.16 dried, in 
one year 3.06 undried and 3.14 dried, and at two > ears 
3.00 undried and 3.09 dried. At all periods the values 
from the ignited cement were practically the same. The 
strength tests on these cements w r ere satisfactory up to 
one year, after which time they ran rather low, the best, 
tests — showing the most satisfactory increase in the 
curves — being those of six months, although at this 
point the specific gravity was below specification. 

The first esential, therefore, on finding a low gravity, 
is to ascertain by drying, igniting, and by moisture deter- 
minations how much of it is due to the ageing or seasoning 
of the material. If such fs found tg be the cause, and at 
the same time the strength tests are satisfactory, there 
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certainly is no reason for rejecting a material probably 
safer than the average. * 

If the low specific gravity is not caused by ageing, it 
should be fhen examined for adu I Orations, and if not 
adulterated, it is probSbly due to under-burning, which, 
•if existing sufficiently to cause ^lisoundness, should make 
the mfiterial unfit for use. If the results fif*the specific 
gravity test are thus investigated the test becomes one of 
considerable interest ; a Angle detennination, however, 
without further study is almost, valueless. 

Othef cement testers have giv#n a very* careful study to 
the utility of the specific gravity test of Portland cement, 
and it has been maintained that the test is of no value* 
whatever in detecting under-burning* as under-burned* 
cement will sometimes show a specific gravity much 
higher than is set by the standard specifications. Under- 
burned cement is, however, readily and promptly detected 
by the soundness tests, and no others are needed for this 
purpose. 

Again, the value of the specific gravity test as an in- 
dication of adulteration has been much exaggerated, for 
while a large admixture of any light adulterant with the 
cement would he shown, there is at the same time much 
slag and also other foreign materials which could be mixed 
with cement in large quantities without louring the 
specific gravity below the limit previouslv allowed by the 
standard specification. 

It then appears that low specific gravity is usually 
caused by seasoning the cement or the clinker, either of 
which improves the product, and again the proposition to 
ignite the cement sample which falls below specification 
and determine the specific gravity upon the ignited 
portion is of little value, because adulterated cements 
also have their specific gravity very much raised by such 
ignition. 

Too much importance must nftt, therefore, be attached 
to the specific gravity test and results, and before condemn- 
ing cements under this test an intelligent investigation is 
first necessary as to the cause of failure to com? up to the 
prescribed weight. 

A large number of appliances nave neen uevisea ior 

. • R 
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carrying out the specific gravity test, and a brief 
description, together with illustrations of those more com- 
monly in use in this country, is given here. 

MANNS GRAVIMETER. 

This apparatus, one of the first used for the test, consists 
of a small glass beaker, which is to be filhed with 1,000 
grains of cement. 



The graduated pipette held above is filled to the mark 
B with paraffin — this being the cheapest material which 
docs not act on the cement — and the paraffin is then 
filled into the lower vessel until the contents reach the 
mark A. v 

The height of the column of liquid remaining in the 
pipette determines the specific gravity, which can he at 
once read off the stem, the size and graduations of which 
are specially prepared for this test. 

KEATES’ SPECIFIC GRAYITY BOTTLE. 

The ordinary specific gravity bottle affords as correct a 
result as can be wished, : but necessitates a knowledge of 
the specific gravity of the liquid %mployed for the test. 
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Here the upper bulb of the apparatus is of known 
capacity (1,000 grains), and the*vessel is tilled with liquid 
(generally turpentine) to the mark A and weighed. 

The cement is then # introduced until the level of the 
liquid reaches B, when it is weighed again. 

• The difference of weighing is kidded cement, and the 
specific gravity Is calculated thus : — # 

The capacity of the topi bulb between marks A and B 
'is 1,000 grains water measure, which equals 64.8 cubic 
centimetres, i.c. } 64.8 grammes of water. 

• * • 

Hence the specific, gravity ^ 

Weight of added cement m grammes. 

_ 64 8 i - -- 

In tin's case the volume is fixed and the weight variable, 
but in the following method of test the weight is lixed 
and the volume variable. 


BLOUNTS VOLUMENOMETER. 

An extremely simplo form of the specific gravity tester 
is as named above, and consists of a small flask, flattened 
so as to ensure its stability, and provided with a short 
slender neck with tine graduations. The iowttft gradua- 
tion mark is J4 c.c. (the reason for which will he seen 
presently), and the capacity of the flask up to this mark 
is known, # and equals 64 c.c. 

The instrument is used by running into it 50 c.c. of 
oil of turpentine from a pipette, which has been accurately 
calibrated against the flask. As the oil of turpentine is 
introduced by means of a pipette, the neck of the ap- 
paratus is kept dry. A known weight of cement (50 
grains) is then added through a small funnel so as not to 
block the tube. This cement, of course, displaces a cer- 
tain volume of the liquid and raises its tevel in the bottle; 
and as all ordinary cements have a specific gravity such 
that the displacement caused by 50 grains fajls between 
14 c.c. and 20 c.c., the former bus been taken as the 
lowest graduation mark on tin* neck. Any displacement 
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greater than 14 e.c. is therefore registered on the neck, 
and may be at once read bff. 

Tht- specific gravity - 
50 (t.e., weight of fceuient). 

Volume of liqiiid displaced, in o.c. 

° * (i.c., reading on the neck). 

The temperature of the turpentine must he known, bijt 
need not be fixed at any standard point, and after- the 
operation the volumenometer (which is stoppered to pre- 
vent evaporatioh) is brought to the same temperature by 
immersion ih the same vessel of water as that previously 
ilsed for the stock bottle of turpentine. 

Seeing that in all cases the temperature before and 
after the displacement of the liquid by the cement must 



K hates’ Specific Gravity Blount’s Volumenometer. 

Bottle. * 

be identical, because of the high co-efficient of expansion 
of oil of turpentine and petroleum, it is evident that an 
apparatus of small total capacity, such as that described 
above, is convenient,* as it can b? immersed bodily in a 
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Leaker of water and brought to the proper temperature 
with ease and rapidity. 


GRIFFINS SPECIFIC GRAYITY FLASK. 

Thi^ appliance is convenient in that a lSrjfer quantity 
•of cement ini^v he dealt ^ith, and so the possibility of 
terror experienced in using a small quantity of cement is 
obviated. The test is carried^ut by introducing 200 cubic 
cent, of petroleum into the dry flask, keeping the neck of 
the flask thoroughly dry so flint the cement does not 
adhere when ultimately added; 160 grammes of cemeat* 
arc then carefully introduced. • • 

The flask should then he stoppered and lightly shaken 
so as to remove anv air bubbles; the contents are then 
allowed to settle in a vessel containing water of a tem- 
perature equal to the petroleum when added, and the 
cubic 1 centimetres read off on the graduated stem. 

In calculating the specific gravity, the 200 c.c. of 
petroleum should he deducted from the reading, and the 
result will give the volume occupied hv 150 grammes of 
cement, thus : if the displacement is at 219.0 it follows 
that 150 grammes of cement have displaced J9 c.c. of 
petroleum. The displacement divided into the^veight of 
cement (150 grammes! gives the specific gravity, which 
in this case would he 3.001. 


LE CHATELIERS SPECIFIC GRAYITY 
TEST. 

The determination of specific gravity is also con- 
\eniently made with Le Ohatelier’s apparatus. This 
consists of a flask (P) of 120 on. cm. (7.87 cu. ins.) 
capacity, the neck of which is about 2P cm. (7.87 ins.) 
long; in the middle of this neck is a- bulb (C) above and 
helow which are two marks (F) and (K); the volume 
between these marks is 20 cu. cm. 0.22 cu. ifcs.). The 
neck has a diameter of about p mm. (0.35 in.)»and is 
graduated into tenths of cubic centimetres above the 
mark (F). # 
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Benzine (62 degrees Baume naphtha), or kerosene free 
from water, should be usfed in making the determination. 

The specific gravity can he determined in two wavs : — 

(1) The flask is filled with eithdr of these liquids to the 
lower mark <K) and til gr. 1 (2.2"* oz.) of powder, previously 
dried at 100^ Cent. (212° Falir.) and cooled to the tem- 
perature yf the liquid, is gradually introduced through the 


* 



funnel (B) [the stein of which extends into the flask to* 
the top of the bulb (C)], until the upper mark (F) is 
reached. The difference in weight between the cement 
remaining and the original quantity (64 gr.) is the weight 
which lias displaced 20 cu. cm. 

(2) The* whole quantity of the powder is introduced, 
and the level of the liquid rises to some division of the 
graduated neck. This reading plus 20 cu. cm. is the 
volume displaced by 64 gr. of«the powder. < 
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The specific gravity is then obtained from the formula : 

0 .. Weight of cement 

Specific* gravity^- ... * * „ , 

• • ' • Displace# Volume. 


The flask during tlfb operation is kept immersed in 
water in a jar (A), in cyder fo jivoid variations in the 
temperature of the liquid. The reMilts •should * agree 
within 0.01. # 

% A convenient method ftr cleaning the apparatus is 
as follows: The flask is inserted over a large* vessel, 
preferably a. glass jar, and shaken vertically until the 
liquid starts to flow freely; it iiftlicn held stil^in a vertical 
position until empty; the remaining traces of cement can, 
be removed in a similar manner In pouring into the flask, 
a small quantity of clean liquid and repeating the opera- 
tion. 
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hi,n J ortland cement is" mixed with water, a plastic 
paste is formed which nltimateh hardens into a stone- 
sill, stance, iin,J .•iccorili nf r ,| l( , activity shown in this 
transition irom a paste to a thoroughly hard mass, so is 
the material found to he of a quick or slow-setting nature 
It is of importance that the cement user should be aware 
of the setting properties of the cement to be employed in 
constructional work, for unexpected results are apt, to 
ensue from the omission of this test. 

It often happens that when a quick-sotting material is 
inadvertently delivered on to the contractor's works, and is 
brought into use, the setting lias commenced even before 
the wet- mixing of the aggregate and et merit is completed, 
with the result that this setting action being unnoticed, is 
interfered'- with, and the material will hot again set for 
some days or, at least, until the moisture has thoroughly 
dried out of the mixture. Jts cohesive value is often then 
so greatly reduced as to render the ivement » practically 
valueless. Hiis iR a common occurrenee in the use of 
cement, and mav easily be avoided bv a systematic testing 
nf its activity. Care should first, be taken to ascertain 
the setting time of the cement before it is to he used, 
and next, that no greater bulk of mortar is mixed than can 
be used before the setting commences. 

Under no circumstances must a cement which has once 
been allowed to Set be re-tempered or re-mixed for use 
since from what has been said, it will be seen that the 
material 1^ thereby liable to he rendered worthless. 

Cement manufacturers have it in their power to make 
either a quick or slow-setting cement, and unless other- 
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wise instructed supply the latter, which takes thirty 
minutes and upwards to harden on the surface of the test 
pat. Ji quiok-tetling cement commences to harden in a 
few minutes* and althoygh perhaps equally strong in its 
tensile resistance ayd constructional value, yet a cement 
df this nature* must be us^d with *care. It is employed 
only for^peoial purposes, such as in oj>eraliom?ufidor water, 
in plaster worly and when forking in cold w’eaUier. In 
other cases it is most advantageous to use a slow-setting 
cement. • 

This is indeed indispensable \vl*»n dealing with careless 
workmen not under supervision, who always prepare their 



Mkthoij of lfc>i.i>r\« Xkiidi.k in Taking thk Skttino Timks of 
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mortar many hours ahead and e\en sometimes “ drown ” 
it with excessive quantities of winter. 

Two distinct setting time tests are at present in use, viz., 
one for the commencement of the setting mailed the initial 
set, and the other for the end, or final set, the time when 
a weighted needle makes no impression on the test pat. 
This duplicating of the test is theoretically so/newhat use- 
less and superfluous, for the cement must, of course, 
harden, and if it did not the tensile strength or other tests 
mentioned.would soon show the fnct. Of these? two tests 
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then the easier to record with aeeuraev is that for the 
irntml setting, and with the Vicitt needle now so widely used 

ahlv observed ‘ Set *“ c " 8i,y t '** ken a,,d “nivirtiik- 

Ilowcuir, the method /•hosen for testinL' the settin" of 
cement matters little, ‘provided that one definite tent is 
adopted and that all its conditions art* well defined in this 
respect. • t 

The I British Standard Specification originallv arraimKi 
that a specially des^ned weighted needle should he used 



for testing the setting, and the existing' siiecifieation 
further ‘states 

l ' ill ess a specially quick-setting cement is specified or 
required, it shall have an initial setting time of not less 
than *20 minutes and a final setting time of not more than 
10 hours. ^ 

If a specially quick-setting cement is specified or re- 
quired, it shall have an initial setting time of not less 
than 2 minutes, and a final setting time of not more than 
minutes. 

The methods for determining the getting times of cement 
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are described in the Standard Specification, which is in- 
cluded in the appendix, and the standard test to-day is 
takeu*by the* Vicat needle here illustrated. 

It is well known that different brands of cement, 
indeed the same et*)ucnts,\\ licit tested in different parts 
of the •country, even by the same opentfois, require 
different percentages of water in gauging and have also 
widely different results, ailH to use a. standard ‘quantity 

water for testing all cements in preparing the. pat or 
sample Snr testing is, of course, impracticable. But even 
with the same percentage of wafer used *iri mixing and 
with merely a difference in climatic conditions 1 ’, the results 
of the setting time test will vary considerably. Similarly*' 
the size and weight of the needle used and the quantity 
of cement employed in the test all affect the setting time 
results. 

With the advent of the rotary kiln cement, the setting 
of cements lias received much special consideration, and it 
has been found that where long-tried methods of regulating 
the setting times of cements made by the fixed kilns have 
been quite satisfactory, yet with the newer product — 
which, it may he added, is alone constituted from a fully 
burned clinker free from mixtures of under-and over-burned 
clinker and excessive fuel-ash and dust — many of the older 
methods of regulating the set have failed, and lieutarrange- 
ments have perforce been made with more or less satisfac- 
tory results. # 

in the c^rly da^ of rotary cement one heard some- 
times of these cements taking days and even weeks 
to harden ofPin concrete work, and this is often the case 
where the flash set of a cement has passed unnoticed, 
and then ultimate hardening in such a case is only equal 
to the drying of the cement or concrete, in the same way 
that the setting of an ordinary kiln cement is delayed con- 
siderably by interfering with the # natural set. 

Some cements when freshly made have this “ flash ” 
set, that is, as soon as water is added in preparing for the 
test, the paste stiffens, and, upon remixing, the initial and 
final sets are still readily perceptible in the usual way, but 
in this case the hardening of the* cement or concrefe takes 
a considerable time, as above stated. * The ultimate results 
are, however, accompanied by more serious consequences 
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and perhaps a delay in the constructional work waiting for 
the hardening of the concrete. 

It will thus be sepn that in some cakes the setting of a 
cement can be traced to a “flash ” set, an “initial” 
and “ final ” set, and a, “ hardening.” — all distinct and 
easily definable conditions and results which the rotary 
cement has brought in its train with its increasing manu- 
facture and use in this country. 

To regulate the setting of rotary kiln cement, therefor^, 
it has been found that whereas a small percentage of 
gypsum-a mineral with calcium sulphate as its essential 
constituent, and oocuring in various parts of the country— 
.added to the product when cement grinding occurs, gener- 
ally does all tluu. is desirable and necessary in slowing 
down an inordinately quick-setting cement, yet to-day, the 
manufacturer lias recourse to steam hydrating in the 
mills during the clinker grinding operation, or extensive 
“ weathering ” of the clinker before grinding, or the 
watering of the hot clinker when leaving the kilns. These 
methods of manufacture in slowing the set have been 
necessary where the addition of gypsum was found to he 
practically useless, hut they cannot always be depended 
upon to give satisfactory results. 

Gypsum is often more effective in its burnt state as 
plaster of Paris than in the, raw state. 

In this way the invariable quick-setting feature of 
rotary kiln cement is regulated to the setting times re- 
quired in the marketable product. 

Generally speaking, however, a cement when put upon 
the market, and after being mixed neat with abater, should 
remain ^nert for at least one hour, and after that time 
the quicker it sets the better. 

The addition of gypsum isr generally recognised up to 
about 2 per cent., and the introduction of this material 
is, as explained, rendered necessary so as to regulate and 
make uniform tli* general setting tendencies of the cement 
in bulk. 

For instance a cement clinker when ground from the 
kilns may vary in its setting time from a few minutes to 
some hours, and such a* material to a consumer would 
prove exceedingly irksome and inefficient, but by the 
introduction of the gypsum which is mixed with the 
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material whilst passing through the grinding machinery 
a cement is obtained which can.be relied upon as bein« 
of a slow and generally uniform set. ( 

■ additibn of gypsum on the otiier hand in no wav 
interferes with the .strength of the cement, and its intro- 
duction does not render careful* manipulation before use 
any tJi^less desirable. • • 

\\ it h rotary kiln remenl, the addition of gmsum to 
%‘tnrd the set is sometimes of very little use. This is due 
to the lack ot a little free lime itl the clinker, without which 
gvpsum is quite inert. In such coses, Iiow*«ut, a mixture 
of 1 per Cent, of gypsum and 1 per cent, of caustic lime has 
been lound to regulate the setting. ^ 

Kotan cements are usually so well Imrnt that all the 
lime is in combination, and tiiere is considerable difficulty 
in regulating the setting b\ any other means than those of 
wetting and storing the clinker for, \er\ often, some one 
to three months. 

This is indeed the practice in many works, and in such 
cases the cost of grinding is much reduced and the clinker 
will also probably lx* found to contain the necessary small 
a i noun t of free lime to make tlu* gypsum operative. 

The watering or hydrating of ‘well-burnt clinker to 
regulate the setting of cement is frequently employed, and 
is of advantage if storage and “ sweating/’ as it is termed, 
follows. • 

The set generally becomes very slow under this process, 
and the finished cement can thus he regulated to any* 
desired tinuf of setliy mixing the hydrated clinker with 
various propitious of new quick-setting clinker. 

Occasionally, cements which arc slow-setting when 
freshly ground, have been known to undergo conversion 
to quick-setting on storage, and then either retain that 
character or revert to the original state. This is probably 
due to one of two things: 0) the high percentage of 
alumina (especially when the cement is .prepared by the 
dry process of manufactured which necessitates the ad- 
dition of gypsum. This latter is soluble, and retards the 
setting of the cement, hut only for a time, for*when the 
sulphate of lime enters into condonation witli'the calcium 
aluminate its restraining action is removed and the cement 
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becomes quick-setting. (2) The calcium oxide, which is 
sometimes present in freshly-burned cement clinker, but 
which may be gradually con verted into carbonate on 
storage. When thfe is the case, the cement >s found* to set 
more quickly after storing tbar. when freshly ground. 
And in the event of using such a cemhiit the hardening 
the concn*te, f is inordinately delayed if the cement set has 
been interfered with. 

It is, then, generally undeff.Uood, though not always the 
case, that a quick-setting v/mient is rendered of a slower- 
setting nature by storage, on account of the hydration of 
the calcium illuminate contained in it.; but by this state- 
ment it should not bo inferred, as it often is, that a quick - 
"setting material f is necessarily one which has not been 
stored, and is what is commonly termed “hot” or 
“ fresh.” These terms are undoubtedly very misleading 
to the average cement user. The fact of its being freshly 
ground has little or nothing to do with the setting proper- 
ties of Portland cement; its chemical composition alone is 
responsible and accountable for the difference in the times 
of setting. 

As the sfremjth of a cement is known to be due to the 
effects of the calcium silicate contained in the material, 
so is its activily said to be due to the calcium aluminate. 

Portland cement usually contains between 4 and 8 per 
cent, alf.mina, and other things being equal, the rapidity 
of setting increases in proportion as the alumina, 
rises above 0 or 8 per cent., so it is held that a material 
which is shown by its chemical analysis to contain more 
than this amount of alumina sets very rapidly indeed. 

There are some strict conditions which miffet be observed 
in testing the activity of cements. One of these is referred 
to more particularly in the preceding article bearing on the 
results of fine grinding, which more often converts into a 
cement of quick action what would otherwise be a slow- 
setting material. Agaip, the temperature of the test-r<x>m 
has a serious influence on the speed of setting— a high 
temperature causing more rapid action. Sufficient uni- 
formity of temperature will result, however, if the test- 
room be kept comfortably warmed in winter, and in 
summer if the specimens be kept until set under a damp 
cloth out, of the sun m a cool room. 
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Generally speaking, also, both the initial and final 
periods of setting are prolonged # by an increase of water 
in mixing, and tliyv arc again alteeUrd by tile different 
climatic conditions under wliich the lest is made. The 
different judgment of observers also makes the test some- 
what erratic, iyid vaVtable. , # 

Them in addition to the checking of the betting times 
of cements, the variableness in the final hardening of 
different brands of cement? is an important factor to be 
inquired into, but this point m more particularly referred 
to at th£ end of this chapter. # # 

By means of a microscope afid with a poster of about 
200, it is possible to watch cement in the process of settings, 
and for tins purpose a lit tit' cement should be dusted on . 
to the slide and fastened down by a rover-glass, and botli 
placed under water. 

It will then be found tbal the grains of cement become 
covered with crystals, which make their appearance some- 
times in from ten to twenty minutes, or sometimes from 
ten to fifteen hours, according to the activity of the sample. 
These crystals are the result, of the solution, in the water, 
of a portion of the cement, and their growth and inter- 
locking on adjoining grains unite the whole into a solid 
mass, and thus constitute the setting properties of cement. 
When once tin* crystal ha\r formed they cannot 
he again disrobed: hence the worlldessness of a 
cement which has been remixed after the setting has 
taken place. • 

The present test of the setting of cements 1ms much 
practical importance. Jt is direct so far as its limits relate 
to the time necessary to get the cement in place after mix- 
ing, which must not he longer than the time of initial set. 
Tt is indirect in so far as its limits relate to the probable 
final strength, elasticity, and hardness of the cement 
mixture. 

One of the apparatus devised for ascertaining the setting 
time of cement is the 

GOODMAN S CEMENT SETTER, 

by which the time is autographifcalty recorded. Although 
a. very ingenious arrangement, this method ,of testing 
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cement for setting properties appears to have been little 
adopted. 

An illustration of the device is here «. iven, and the work- 
ing instructions are as follows 

Wind up both barrels of the clock; See that all the 
working parts, especially the compensating levers L L, 
are well lubricated and are working freely. 
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Attach a piece of still white ] taper or smooth thin card- 
board to the recording hoard B by means of die clips C C, 
bring the side bars S to their topmost position and run the 
carriage I) along to make the pencil draw the upper line 
of the diagram. 

Remove the weight \V and carriage T), lift out the 
trough T, and thoroughly grease it before putting in the 
cement wdth a trowel. Smooth the cement off flush with 
the top of the trough, and wipe off all superfluous cement. 

Replace the trough and the carriage, putting the latter 
at the clock -end of the trough, wind up the string by turn- 
ing the drum E, hang ou the weight F. Oil the disc G 
all over and replace m the earring, hang on the weight 
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W and lower the disc into the cement by lifting the balance 
weight H ; adjust the pencil spring and allow the setter 
to run undisturbed. 

Tffe carriage and disc travel at the' rate of one inch per 
hour, hence the horizontal distance the pencil has travelled 
tie fore it readies the uppealine # tjie diagram is the length 
of tmif in hours the cement has taken to set f atid the slope 
of the curve shows the rate of setting at each instant. 

% Pull particulars, such as the percentage* of water used 
in gauging, the temperature of the air and the hygro- 
1 net tic stat(* ol the at mosplieiv, should lg.* noted on each 
diagram. • 

Another similar apparatus has been introduced oiutp* 
the market more recently, and is named the 


AMSLER-LAFFON CEMENT-BETTING 
RECORDER. 

In testing the activity of cements by this apparatus the 
two moulds are filled with a plastic ‘paste of the sample 
of cement, and the needles are lowered u|»on the cement 
at certain intervals and penetrate more or less into the 
mortar according to the progress of setting. The depth 
to which each needle enters into the mortar is recorded 
on the drum by the pencils. 

After each stroke of the needles the drum turtis a little, 
and the table on which the moulds rest advances a step 
from the right to the left. 

The netylle holjers are lowered and raised by a lever 
which is set in motion by a spiral spring contained in 
a- box. The motion is set by the clock which lets 
loose the wing governor and stops it again when the 
stroke of the lever is completed. The disc with a 
certain number of notches, is placed on the top of the 
clock, and performs one turn in an hour. This determines 
the lapse of time between t\vo # eonsmitive records. By 
changing the disc different intervals of*time may be ob- 
tained. The exchange can be carried out during the 
experiment without disturbing the result, an<J there are 
four discs corresponding to 5, 10, 20 and BOt minutes. 

When the moulds have travailed from one enfl to the 
other, after about fifty strokes of tile needles, the carriage 

s 
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rnuBt be pushed back by hand into the initial position and 

the moulds moved 
shjeways. The dia- 
meter of* the needles 
is one millimetre, the 
weight pf each needle 
holder is 300 grams. 
The spring motor is, 
however, sufficiently 
powerful to overcome 
heavier weights, so 
that the holders may 
be made heavier if 
desired. 

The pin V, one 
centimetre in dia- 
meter and 400 
grammes in weight, 
is used for ascertain- 
ing the right consis- 
tency of the mortar 
before setting. If 
the mixture of ce- 
ment and water is 
correct the pin ought 
to stick in the mortar 
at about one centi- 
metre before reach- 
ing the bottom of the 
mould. 

A more common 
form of testing for 
setting is that by 
which the thumb- 
nail is used on a 
pat of cement, and 
noting the times of 
resistance to pres- 
sure, thus : a small 
sample of cement 
# is made up with 
about 25 per cent, 
of pure fresh water at normal temperature and 'formed on 
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a piece of glass into a circular |«it of about three inches in 
diameter, with thin edge f s, by about one quarter inch thick. 
The initial and filial setting times cpi then be very ap- 
proximately ascertained by the impressions *of the nail at 
varying intervals, or, more prefWdblyq by u pencil point. 


I lie ascertaining of the setting time of Portland cement, 
it will have been seen, is<*still a controversial point, and 
present methods are ft ill unsatisfactory. Whilst it is 
without dquht most essential that some definite method 
-4K ascertaining and recording the final set and hardening 
Hhould obtain, it, is at least of equal importance to ascertain 
when the initial set of cement begins, for no user of cement 
can continue to mix up or work cement after the initial 
set has commenced without serious injury to the work upon 
which he is engaged. 

If it were wished to improve the setting test it would 
he necessary not only to measure the time after which the 
cement has acquired a determined set, such ns that de- 
fined by the Vicat needle, or by thumb-pressure, but also 
to measure the hardness that it has acquired after a 
determined time; as, lor instance, the result shown by 
resistance to crushing or transverse strain in lbs. per 
square inch; for, just as it is necessary to know the initial 
setting time of a cement to save unsatisfactory con- 
' sequences, so it is equally necessary to know its hardening 
properties, which quality is of eqiAil, if itot of greater 
importance to the engineer and contractor,, who must get 
through a given amount of work within a certain time. 
It Nyillne observed that there is something more than the 
initial and final setting to he ascertained in testing the 
activity of Portland cement, and that is, the period of 
quiescence between the final set and the ultimate harden- 
ing of the product. 

The gift of a strong imagination is not essential in fore- 
seeing the deplorable results that would ensue to engineer, 
contractor,, and cement manufacturer alike where an im- 
portamt concrete construction was in hand, such, for 
instance, as some heavy re-inforced bridge work, through 
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ibis inordinate delay in the hardfningof u cement, where 
n product as has been described was employed. • In such a 
ease Hie initial anif final setting of tne cement could be 
quite normal, but the hardening of the concrete might be 
quite another juatter, and in tin* event of centering being 
removed as might he ordinarily practised, nwiiits such as 
have been outlined are quite within the bounds of nos- 
fjjbility. * # 

It nil ay be said that the tensile strength at three and 
seven difys clearly denotes the hi^dening properties of a 
cement, but then a cement will Often stand a heavy tensile 
stress whilst still in a green or miniatured state, and 
this is particularly noticeable with sonuj rotary cernenis/*] 
Some cements of this class, although setting poorly ami ‘ 
giving a weak test-pat, may attain a high strength when 
tested as briquettes, although the final hardening has not 
taken place. Then also in testing at early dates, say before 
three days, the ordinary testing machine puts an im- 
mediate and heavy strain on the briquette before the test 
starts, and in the early stages of hardening a record is thus 
unavailable. 

A test is, therefore, required to gauge the hardening of 
cements, say from the time of filial set up to seven days 
or even longer at short intervals, and, therefore, the 
apparatus designed for such a test must be one fly which 
the strain can be applied more quickly, more lightly, and 
at easier stages than is the case with the ordinary tensile* 
testing machine, iftid still he much more direct and 
quantitative iji its information and results, especially upon 
the point of the hardening qualities of different cements 
at varying periods at early dates. A material factor in 
flit 1 setting of cements could then he more carefully studied 
and the results would be extremelv valuable. 

With this end in view the author has devised a 
transverse testing machine ■for cement bars, the 
working of which is explained in another chapter, and the 
variable results in the hardening of cements — a |>oint of 
considerable importance to the constructional* engineer 
and contractor — here show the necessity of Wh & test, 
having in view T a more careful srtid\ of the newer rotary 
kiln product increasingly epi ployed at the present time. 
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This test increases the exactness of our knowledge upon 
the setting of cements, and its results show the harden- 
ing properties of cements as well as the setting of the 
cement under test. 

The question arises, hbwever, what setting time shoufd 
he insisted upon ? It is important to have as slow k setting 
as possible, but limits are put to this b t y the contrary 
necessity of having a good strength at the end of not teo 
long a time. Neither the ordinary initial nor final setting 
tests show thi/^ result,* and whereas some cements show 
the initial and final fcet within reasonable limits, 
^jj|Jier brands harden at |>eriods varying from some hours 
, to days and even-to weeks. The test for transverse strain 
now advocated is mechanical, and not subject to the will 
of the operator, and it combines all the tests now outlined 
that are required in connection with the setting of 
cements; it is less liable to error in manipulation, and its 
records are unmistakably efficient in testing both the 
getting and hardening properties of cements, the latter of 
which is a knowledge the smallest cement consumer can- 
not afford to neglect in those days of extensive ferro- 
concrete construction, where so much depends upon not 
only the “ setting," but the " hardening " of the cement 
to be employed. 

It. is rarely that a test of temperature during the 
setting of cement is carried out, hut where such a test 
* may be required a method is adopted c of applying a small 
glass thermometer to the block of cement when freshly 
mixed and placed in, say, the Vicat mould a*s used for the 
setting ^est. Upon the insertion of the thermometer into 
the plastic cement the temperature is taken and noted, 
and it will then he observed that the temperature during 
setting slowly rises until it is distinctly seen that harden- 
ing off has commenced in the cement under test, at which 
point the tenrperature will be noticed to become 
stationary. This point of temperature — and before the 
mercury descends — should be noted, as should also the 
time of the insertion of the thermometer and the time of 
the completion of the b»st. 

The results of such tests fron^ a variety of brands at 
present on the market will probably be as follows, the 
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length of time in taking the test being indicated and deter- 
mined by the falling mercury in the thermometer, viz. : — 

• • • • 9 

Slow Sitting Cements with an Initial Set of About Three Hour* 
^ (Vicat'. Incrra^s of temperature During Setting. 

i Degreon 

Fahr. length of i Fahr. 

Increase * Tost in ® j Increase 

• Du rjng Setting Minutes j ^ During Setting 


Length of 
•IVat in 
Minutes 


4 

3 

4 

5 
o 

<i 

4 

3 

4 
4 
r> 


23 

8 

15 

ni 

23 

12 

12 

25 

37 

25 

17 
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14 
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QricKKR Setting Cements with an Initial Set of About 
Sixty Minutes. 


Degrees 

j 

1 legrees 

! • 

Fa hr. 

j length of 

Fa hr. 

Length of 
'Pest in 

Increase 

'1 eat ill 

Increase 

During Setting 

• 

[ Minutes 

• 

During Setting 

Minutes 

12 • 

50 

7 

74 

13 

36 

18 

19 

11 

77 

15 

*04 

16 

31 

13 

36 

<) 

21 

12 

50 

11 

20 

i 




• 

The present, utility of this test is obscure, and its 
variations cannot yet be gauged or given any theoretical 
or scientific explanation, nor indeed can a'lijb practical 
information he obtained from the results, for both 
sound and unsound cements appear somewhat similar in 
their variations under this test. * It is reasonable to 
assume, hbwever, that the* quicker setting cements show 
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an increased temperature during the setting on account of 
the exothermic chemical ^reaction, the thermal unit being 
practically the sam^ for all brands of Portland cecnent. 
The only distinction in tcmperaluijp is caused by the period 
during which heat is eycjved ; for instance, with cemertf 
of great initial activity I in other words, in cehient c/ quick- 
setting pi operties) the heat is developed in a short period, 
and consequently shows itself in a rise in temperature, 
while with more coarsely-ground cement of poorer quality 
and tensile strength the evolution of the same amount of 
heat spread ovbr several hours would not he noticeable. 
The temperature of cement in setting, therefore, is perhaps 
i,u ^ x {ls to th V ^tting times of the cement and not of 
4 itjS hardening qualities. 
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The most useful tests tor ojinent are tiio^e winch connect 
yiemselves definitely with some serious defect 1o which 
cemdnts are subject, or with stone merit which they should 
possess f and thus, perhaps, the t$sfc for soundness (which 
should include also the expansion and contraqjion tests) is 
of paramount importance. The soundness test can Jot 
made with the most simple apparatus* — if, indeed, an> 
apparatus is required at all — is easy of manipulation, and 
its results are obtained immediately. Again, some of the 
tests which are explained under this heading are com- 
paratively free from personal equation and errors due tc 
local surroundings. 

The test for soundness at once obviates many difficulties 
which arise in the long-time tensile tests for the acceptance 
or rejection of cements, and the issue of this test is finally 
decisive. 

Numberless methods are in vogue for ascertaining the 
soundness of cements, and the enquiries more generally 
classified under this heading are those which have # roferonee 
to constancy of volume, and to this end the accelerated 
or boiling tests are employed in order to ascertain tha 
exemption *)f the dement from undue expansion or con- 
traction. , 

The accelerated tests most generally used are those of 
putting the cement pat or block in steam and ilf hot and 
boiling water. Practically, the steam and boiling water 
tests may he considered as one, conducted with more or 
less severity, which increases with the temperature of the 
water, the steam test being equivalent in severity to a hot 
water test at about 180° or 190° F. Tfius some samples 
of cement fail in steam and pass in boiling water, although 
the reverse condition is often found. The steam test, on 
the other hand, although less severe, has the? advantage of 
being capable of more exact stahdiydisation. 

•( 281 ) 
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Although, it is true, some rather surprising results are 
often obtained in experimenting on the soundness of 
cements, yet it hasten sho\yn that af cement that^s not 
quite sound might actually be improved in tlie steam and 
boiling tests by the addition of a sm?dl amount of lime, 
and continuing on these Airies it has been found jn some 
cases that 'a dement actually unsound in the boiling test 
could be .made sound by smal l f additions of pther brands of 
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cement, showing that occasionally' a blend tnav be more 
sound than one regularly manufactured product alone. 

Contraction cracks in the test pat are often met with 
but are rarely a* sign of' bad quality. They are perhaps 
more generally found to be due to faulty testing rather 
than to a deterrent quality in the nature of the cement. 
The contraction crack often seen in the test pat is due to 
a physibal change, and i^ caused by the lack of humidity 
of the atmosphere, by* the rise and fall of the temperature 
in the test-room, and draughts bf w%.rm or cold air passing 
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over the pat whilst setting, or again a vibration of the pat 
whilst the cement is setting wfll often cause a cracking 
similar to a, contraction crack. A ccftnent which is over- 
clayed will contract, byt contraction cracks are found also 
if the test pats, w»hen moist, aye left in the sun or in a 
dry atpiosphfcre, or even* if the ’drying tajke^s place too 
rapidly, and again may be caused by placing the mixed 
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cement on a dr\, porous plate; an excess of water, too, in 
the gauging will cause, a shrinkage or contraction. 

These contraction cracks, as distinguished from those 
caused by expansion, are irregular lines in the centre of 
the sample pat. 

The unsoundness and expansion of cements^takc many 
forms, an expansion crack, however, will be found to 
commence ujKm the outer edtjen ^f the pat, and rurf towards 
the centre. This is by far the inoPe serious defect. 

A sure* method of testiflg the contraction of* cementsfis 
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in the use of a tapered mould, as illustrated: This is filled 
with neat cement of a plafitic consistency and is left to dry 
off and set hard. II* there is any eontifiction,, the cement 
block will he loose, and will leave {he mould. 

The expansion of eemepts is generally caused by whaj, 

is known as " free ” or nncombfned lime, and this 4* intro- 
«. * 



duced into the product either by the careless or unscientific 
mixing or' burning of the raw' materials used in the manu- 
facture, or by the incorporation of under-burnt clinker from 
the kilns. 

If a cement is poorly manufactured, the aeration or 
atmospheric slaking will eliminate, to some extent, what 
free lime may be present, but a properly manufactured 
cement will withstand the hot or boiling tests as soon as 
the material is taken from the grinding mills, and any 
period of aeration other than the time elapsing between 
the grinding into the manufacturers’ stores and the loading 
of the cement for transport is unnecessary. 



SOUNDNESS, CONTRACTION, EXPANSION 28i> 

Portland cement after having once set must not soften, 
as sometimes happens, and fo* some time lose its lmrd- 
xiess^in order to commence later anotlner hardening process 
This defect is always due to the. presence of free lime, or 
un combined magnesia* the slow slaking of which causes 
^isirtial disintegration of the alifady hardened mass. The 
expansion test with boiling water, lunve\rt\ •offers every 
guarantee against this ah^nee of durability. 

• Regarding the comparison of soundness tests with the 
oth5r physical tests of Portland cement, and with the 
actual constructional experience* we stilj have the same 
seemingly hopeless maze of contradictions iyid irregulari- 
ties that all cement manufacturers and extensive usersyir& 
so familiar with. . ^ 

As to the test for expansion, how nor, it cannot he stifled 
with any degree of certainty that results which may be ob- 
tained by the hot test- the now general test for sound- 
ness — are identical with those which may he experienced in 
actual construction work, but there is no doubt that if a 
cement is in the slightest degree unsound, the hot test will 
at once detect and emphasise the weakness. 

Although, scientifically speaking, there is no constancy 
of volume in Portland cement — since the action during 
the setting as well as heat and cold, will modify the 
volume — yet practical results are obtained from the obser- 
vation of pats of cement, as used for the setting tests, and 
kept for this purpose in air, or immersed in water. 

In a practically sound cement the difference in volume 
is not noftceahle Vithout the aid of scientific apparatus, 
and the value of the test for constancy of volume consists 
in ascertaining the more common defects in the undue con- 
traction and expansion tendencies of Portland dement. 

In the early days of cement manufacture most of the 
trouble of cement users was due to the expansion of the 
material through over-liming and other faults in the 
manufacture. This caused a swelling, and ultimate dis- 
integration after the work was in place. An ancient device 
for the testing of over-limed or expansive cements w'as to 
mix a sample of the material with water to abr>ut the con- 
sistency of treacle, the whole being then poured into an 
ordinary bottle or small glass test-tube which is shaken 
until fulj to overflowing* and then placed aside in a cool 
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place. If the cement is ot?er-limed, or even if the proper 
grinding arid amalgamation of the raw materials have not 
been properly carried out by the manufacturer, the cepient 
will expand, and split the glass sooner or later, according 
to the degree of the imperfection. r If, on the other hand, 
the cement is under- limed’ (or aver-ela\ed), it will contract 
and become loose in the receptacle. ' 

In theqe tests care should bp taken to keep the bottles 
or tubes in a cool place or in an even temperature; for, if 
placed in a warm atmosphere or near a- fire, cracking will 
result through ^ lu» dillVent rales of expansion of glass 
and cement even if the cement he perfectly sound. 

^ ^Another simple test for the observation of the behaviour 
,of cements is to make up two small pats — each about three 
inches in diameter and one-quarto; inch thick in the 
centre, diminishing to \ery thin edges. The pats should 
be gauged and placed upon pieces of glass, and as soon as 
set — or, say, 24 hours after gauging- -one of the pats is 
immersed in water, and the other left in the atmosphere. 

Both pats should he carefully examined at regular in- 
tervals over a period of seven days, and the first indication 
of any disturbance or disintegration will he detected by 
the appearance of small cracks round the edges, or extend- 
ing from the centre of the pats. Other alterations of form 
will follow, such as the lifting up at the edges, or in the 
centre of the test pat. 

The best Portland cement will show no signs of crack- 
ing, scaling, crumbling, or warping: nor, indeed, will it 
suffer any deviation of form whatever under f his test. 

Any defect in the sample will first appear in the pat 
under water; hut since, in this mild test, it often happens 
that the evidences of unsoundness are long in appearing, 
this method has given way to the accelerated or hot-water 
tests previously mentioned. 

The great value of the hot test lies in the short time 
which elapses be{ore the* indications of defects begin to 
appear, and thus attention is at once directed to weak 
points in the cement to be further observed or guarded 
against. 1 

Cements which stand the accelerated teste, by steam 
or boiling water, should $e used in preference to others, 
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and such tests should be constantly applied on the work 
of concrete construction ; for ultlwugh the hot tests some- 
time Reject suitably materiij, they 'dll always reject an 
unsound material by ijjason of the existence of active 
expansion. • 

11 The jjecisi\^ test on tlu* (ontim’iit for cement sound- 
ness is that a pat of neat cement placed on a glass plate 
shall display ^vhen kept finder water, no warping or 
(fading at tlie edges. 

To carry out this test the pat prepared for determining 
the setting time is, in the easy? t)f slow-ieltmg cement, 
put under water after 2 hours, in no ease lmfve\er before 
setting has taken place. In quick-setting eement this nmy* 
take place after a shorter interval. TITe pats, especially* 
of slow-setting cement, must he protected from draught 
and sunshine until setting has occurred, which is best 
secured by storing in a covered box or under moist cloths. 
The formation of cracks due to shrinkage, which as a 
Mile occur m the middle of the pat, and are taken I »\ the 
inexperienced to be due to expansion, is avoided by these 
means. 

If, when hardening under water, a warping or cracking 
at the edges appears, this denotes without doubt an ex- 
pansion of the cement, in consequence of an increase 
of volume there takes place a splitting of the ren#ent with 
gradual loosening of the previously acquired cohesion, 
which may lead to a total crumbling away of the material. # 

Evidences of expansion usually show themselves in the 
pats after tliree days ; hut in any ease a period of observa- 
tion extending to 28 days is considered necessary. 

In the United States the terms of the standard speci- 
fication in regard to the tests for constancy of volume are 
as follows : — 

Significance , — The object is to develop those qualities 
which tend to destroy the strength and* durability of a 
cement. As it is highly essential to determine such quali- 
ties at once, tests of this character are for the most part 
made in a very short time, and are known, therefore, as 
accelerated tests. Failure is revealed by cracking •check- 
ing, swelling, or disintegration, or aH of these phenomena. 
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A ronient which remains perfectly sound- is said to be of 
constant volume. r 

Methods . — Testa for constancy offvolume are divided 
into two classes : (1) normal tests, or those made in either 
air or water maintained at about 21? Cent. (70° Fahr.), 
and (2) accelerated tests 1 / or those made irr air, steam, or 
water at ii temperature of -Jo 0 Cent. 015° Fahr.) and 
upward^ The test pieces should be allowed to remain 
2-1 hours in moist air before immersion in water or steam. 

For these tests, pats abftut. 7J cm. (2.95 ins./ in dia- 
meter, 1} cm., (0.19 \rv ) thick at the centre, and tapering 
to a. thin edge, should he made, upon a clean glass plate 
{yibout 10 cm. (3.94 ins.) square], from cement paste cf 
normal consistency . 

“ Normal Test . — A pat is immersed in water maintained 
as near 21° Cent. (70° Fahr.) as possible for 28 days, and 
observed at intervals. A similar pat is maintained in air 
at ordinary temperature and observed at intervals. 

Aeerl crated Test.— \ pat is exposed in any convenient 
way in an atmosphere of steam, above boiling water, in a 
lonsel\ closed vessel, for three hours. 

To pass these tests satisfactorily, the pats should remain 
firm and hard, and show no signs of cracking, distortion, 
or disintegration. 

Slmulfl the pat leave the plate, distortion may be best 
detected with a straight-edge applied to the surface which 
was in contact with the plate. 

In the present state of our knowledge it cannot be said 
that cement should necessarily he condemned simply for 
failure to pass the accelerated tests; nor ear a cement be 
considered entirely satisfactory, simply because it has 
passed these tests. 

Tn the British Standard Specification for Portland 
cement, the soundness test specified is that the cement 
shall he tested by the Le Chatelier method, and shall in 
no case show a greater expansion than 10 millimetres 
after 24 hours’ aeration or when this is exceeded 5 
millimetres after seven days’ aeration. 

The apparatus for conducting the Le Chatelier test, 
shown* on the following page, consists of a small split 
cylinder of spring briofe or other suitable metal of 0.5 
niillimetrt? (.0187 inch) in thickness, forming a mould 30 
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millimetres (J J, in.) internal diameter 'ami 30 milli- 
metres high. On either side oi the split are attached two 
indicators with (xnnted ends A A,* the distance* from 
these ends to the centre of the Minder being 105 milli- 
metres (0.] in.). 

In conducting the test, the mould is to be placed upon 
a small piece of glass and filled with cement gauged in 
the usuai way, care being tukt'n to keep the edges of the 
mould gently together \\hib-* this operation is being pei- 
formed. The mould is then eo\ered with another glass 
plate, a small w’eiglit is be placed on this, and the mould 
is then to be'iminediately placed in water at a temperature 
of 58° to (>t° Fahrenheit, and left there for *21 hours. 

The distance, separating the indicator points is then to 
be measured, and the mould placed in cold water, which 
is to be brought to boiling point in 25 to 30 minutes and 
kept boiling for six hours. After cooling, the distance 
between the points is again to be measured ; the difference 
between the two measurements represents the expansion 
of tlie cement, which must not exceed the limits laid down 
in the specification. 

The “ Le Chatelier Test." 

The tqst of expansion in Portland eement.s In the Le 
Chatelier method has been subjected to a considerable 
amount of criticiMii on account of its alleged uncertainh , 
or inaeeuraex , or undue severity: and although, in the 
main, such criticism lias boon confined to private corres- 
pondence, recently published information mum this test 
gives a more definite pronouncement upon the results of 
testing various cements for expansion by the Le Chatelier 
method. 

This position has perhaps arisen on account of the 
generally accepted idea that the results of cement tests by 
the Le’ Chatelier method generally show the practical 
soundness or otherwise of the cement under test ; hut the 
actual basis of variance between the advocates and opposers 
of the Le Chatelier test has, so it is maintained, all along 
been the question as to whether the limited increase in 
volume of cements in foiling w T ater generally combines 
with it the unsoundness or undesirability of a cement in 
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practice, and rtbt solely in the test itself, which is certainly 
one for showing expansion ]jure*an<J simple and not neces- 
sarily “ unsgundnels." Sothe test as # applied to expansion 
alone will here be deitty with, since many sound cements 
(in practice! also show a heavy # expansion by this test. 

It hgs beefi maintained, for distance, tjutf numerous 
Tje Chatelier tests of cements made by the rotary process 
during the last two or tl#ee years go to sho\f that the 
Expansion of cements (sometimes very considerable^ is not 
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always or necessarily due to free or loose!) combined lime, 
hut may be due to changes in the line particles (or clinker 
grit) under the influence of boiling water, and explanations 
are given of the theory of those changes. From the results 
of some hundreds of tests by the, Ee Chatelier method on 
cements, principally Knghsh-rnade, hut* including a few 
of French manufacture, it has been concluded that 
cements which have been ground from elinkei; well and 
properly burned in the rotary kiln do not* improve on 
aeration, hut on the eontran, sometimes become expan- 
si\e in volume. 
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It lias also been held that the thinner the layer in which 
the cement is laid out hr aeration, and consequently the 
more it is aerated, * the greater will bp the expanRipn by 
the Le Chatelier test, and suggestions are therefore made 
by certain advocates to the effect tfiat tjie British Standard 
Specification should be modified by providing that cements 
should he gauged when fresh, or after being spread for 
12 hours to 24 hours only. Th/m, again, tfye total expan- 
sion by the Le Chatelier method in both cold and boiling 
water, it is maintained, should be measured, the first 
measurement bring taka n as soon as the cement lias set. 
The aeration of the cement for 7 days should also be 

*■ optional. 

• Jn following up these conclusions, however, with the 
testing of other cements, and with a view to checking the 
results and the theories involved in these contentions, pro- 
longed investigations were instituted by the author, with 
the result that the findings of expansion with aeration 
cannot be generally confirmed, and it would appear that 
neither rotary nor other kiln cements expand materially, 
if at all, upon aeration. 

It is now shown, for instance, that the behaviour of fresh 
and aerated cements in the Le Chatelier test are perfectly 
clear and unmistakable, and at once indicate the degree 
of expantion — not necessarily unsoundness — of all cements 
tested by this method, and many curves have been pre- 
pared showing that in both rotary and ordinary kiln 
cements, while aeration may not show a reduced expan- 
sion in a cement by the Le Chatelier method,' it certainly 
does not show an increased expansion from the average 
results (/ a considerable number of tests. 

Jn the first place, then, it is interesting to enquire into 
the effect of the aeration of other than rotary kiln cements 
as far as expansion is shown by the Jje Chatelier tests, 
and for this purpose a highly expansive cement — not rotary 
burned — was specially obtained. 

The tests (Table I A appear to show that in a shaft or 
ordinary kiln cement showing excessive expansion by the 
Le Chatelier method, the reduction after 28 days’ aeration 
in bulk was from imiy. when fresh to 5 mm. upon age- 
ing. After spreading out the sany cement the expansion 
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* * 

was reduced fiom 80 mm. to 4 mm. in the same period, 
viz. 

t # TA$LE I. 

Lk ( hatkuerTest — 2* nouRa in Cold Water and fi Hours in Boiling 
, # Water. 


I Fresh 3 Bays’ I 7 Days’ il4 Da \\s*2 1 •Days’ 28 Day** 
^ , Aeration ^ Aeration) Aeiat ion Aeration Aeration 

* • j mm - nun. mm. I mm. j nun. mm. 

■< ement jp hulk ... 30 33.5 31 j 20 12 f» 

Cement aerated 1 in. I 1 j ; 

<*»<* ... I 32 _ 30 1 I;,* j 7.;, 4 

- s - - - — 

Similarly (Table IT.) in the case of what may he railed, 
a sound rotary kiln cement, tlu* storing in hulk was found 
to reduce an expansion of J.75 nun. to one of 0.5 min Tat 
‘21 days, and to show no expansion in 28 days. The rotary 
kiln cement when spread out. reduced in expansion from 
1.75 nun. to 1 mm. in 8 days, and no expansion was shown 
in the tests from 7 days up to 28 days, viz. 


TABLE JJ. 



i Fresh 

3 Davs' 1 

7 Days' j 

14 Days’ 

1 

21 Days’ 28 Days’ 



, Acration| 

Aeration 

Aeration 

Aeration Aeration 

(Vmrnt in hulk .. 

mm. 

! mm. ; 

mm. 

mm. 

mm. 

mm. 

1.75 : 

1 15 

1.0 

J.75 

ofr> 

Nil 

(Vnipnt aerated l in. 

thick 

-- 

1.0 ! 

Nil 

Nil 

1 Nil 

Nd_ 


• 

lo ascertain whether the same results may he expected 
trom a similar treatment of other ordinary kiln and rotary 
kiln cements, numerous additional tests have been carried 
out with further well-known brands of cemetit on the 
market, and the aeration of these cements gives somewhat 
the same results by the Le ('hatelier test as previously 
shown. 

It is a tact, however, that exceptions have been obtained 
to the apparently constant diminution of expansion in 
cements with aeration as indicated in the tests now given, 
and in one case a rotary kiln cement and an ordinary kiln 
cement were both found after a reduced expansion with 
age to revert, after 85 days' Mention, to the original (not 
increased) expansion as show n by the Le djatelier test 
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when fresh; and two days afterwards this expansion was 
reduced, strain showing a continued reduction up to 42 
days’ aeration. , . 

In considering the results bf numefous and carefully 
conducted tests, such as these, itt cannot by any means 
be. admitted that a rotary* cement invariably shows more 
expansion U* the i jc (’hatelier test after a time allowed for 
aeration than it docs when fresh, and it would appear 
lluft in IxStli rotary and ordinary kiln cement if aeration, 
may not generally show a reduced expansion in a ceiiient 
when tested by the I a* Qiatelier method, it certainly does 
not show an increased expansion in the considerable mini* 
her of tests which the author has conducted from time to 
‘time. 

This being the definite result of these special tests, il 
serves no useful purpose, other than one of purely academic 
interest, to enquire into the question as to whether an 
under-burned or well-burned clinker shows a greater or 
less expansion by the Le ( 'hatelier test. The general ex- 
perience in this respect is, however, rather in favour of 
the reduction of expansion by harder burning. 

Rut to conn 4 to the la* (.'hatelier lest results from tin 4 
division of cements into the. varying grades of fineness, 
such as {a) flour, (6) clinker grit, and (r) sieve residue, 
we have here three definite degrees of grinding which it 
is always 'interesting and instructive to make use of, when 
examining any cements. I>\ this method for expansion. 
u The amount of residue which is left on the 180 by 180 
mesh sieve in sifting a cement is the standard method 
of testing for fineness, and it will generally be found that 
this residue does not exceed 11 per cent, of the quantity 
of cement tested. From the cement passing through the 
180 sieve, the percentage of fine clinker grit in a cement 
may be collected and checked by resorting to the use of 
the floummeter, which under a steady pressure of air 
separates the flour from the fine grit, and the percentage 
content of the latter in a cement can be accurately ascer- 
tained by weighing the fine grit remaining in the flouro- 
metor cup utter the operation of testing for " flour. 

The percentages of “ fine grit ” and “ flour ” in a cement 
necessarily vary according to the degree and process oi 
grinding, hut as an 'illustration of #vhat everv-dav results 
may he expected the following 1 quantities of residue, fine- 
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tffit »tnd flour were contained in # two cements ground hv 
different plants*, viz. : — 

- # ^ • 

. I Itt'twllR* l ~ 

I ; 18«xW(l | j Flour | ThU , 

! t o/ i O’ o I ii 

- _ . _ _ '4 n ’ 0 I n I o 

♦Smund hv tube mills I l.V '• gl.i ! i 100.0 

t imund ffv other mills .. j 13.4 20.3 ! i#.3* \ 100.0 

Now, it is«a somewhat easy task to ascertifln hv the 

TjC hatelier test the identical expansive qualities of each 
of the** species of the genus cement, and after carefully 
carrying out Mich a series oUtAts upoif two brands of 
cement— -one rotary and the other not— thefle results are 
collated, showing that • j 

11 ) Two cements testing respectively 2 and 8.5 n*m! 
when fresh art* reduced in expansion after each seven days’ 
iteration test up to 8.) imd 28 days respc*cti\el\ , when the 
original expansion is again shown, hut which at 42 days 
in both eases is reduced to 1.0 and 1.5 mm. 

(2) The expansion in the residue from the 180 mesh 
sieve with hotli samples is reduced from 25.25 and 211.75 
mm. when fresh, to 21 and 211 mm. after 85 days. 

di) The expansion of the cement passing through the 
hs() sieve is reduced upon aeration from 1.5 and 2.75 mm. 
respectively to 8.0 and 1.0 mm. at 85 days. 

<4^ The expansion of the Hour in the rotaryVenient is 
reduced from 2.25 mm. when fresh, to 2 0 mm. after 85 
days, and jti the ordinary cement the flour increases ip 
expansion •from I •mm. when fresh to 2.0 after 85 days’ 
aeration. 

<5> The expansion of the “ fine *rrit ” also reduces upon 
aeration from 8s. 75 and 21.0 mm. when fresh, «to 80 and 
7 mm. respectively at the end of 85 days. 

Tims, when two samples of fresh cement are tested, 
the relative decree of expansion in the finely-divided 
component paits is greatest *m the* coarser residues 
and least in the finished cement from the rotary 
kilns. In the ordinary kiln cement, however, the con- 
stituent having least expansion appears to b<* the flour, 
after w hich comes the finished cement and finally the grit 
with the largest expansion. W # 

It see 14 is obvious from*these results that ttie presence 
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of the flour, the preponderating element in the finished 
cement, prevents the expansion of the grit 'to a very large 
extent in the' combined sa'mple as compared with the ex- 
pansion measured when the grit alone fis tested. If 1 this 
were not so the expansion due to thei grit alone in a finished 
sanlple of cement would bp inuph greater than is actually 
observed. «, „ c 

The following table shows the results of the tests referred 
to viz. :— fj 

LE CHATELIER TEST. . '' 

Expansion in Boiling Water for Shohinu Aeration Resume upon 
fCoARSK aPt> Fine Partklks. 

Period t»f Aeration 


. 

Fresh 

7 

14 

21 

2S 

35 


! 

Days 

Days 

Days 

Days 

Days 


| mm. 

mm. 

nun. 

mm. 

mm. 

mm. 

Rotary kiln cement 

.. ; 2.0 

l.r, 

1.5 

1.5 

1.25 

2.0 

Residue on 1K0 X ISO 

.. 25.25 

22.5 

25.5 

24.0 

21.5 

24.0 

Cement through 1 NO x ISO 

.. ’ 4.f, 

.1.75 

2.0 

1.75 

:t.o 

3 0 

(Jrit from tfoummcter 

38.75 i 

i 4:i.5 

41.0 

3J».0 

37.5 

30.0 

Flour from floummeter 

.. . 2. 25 

; 1 .5 ! 

1.2 > 

2.5 

1.75 

2.0 

Ordinary kiln cement 

.. , 3.»> 1 

| 2.0 

2.5 

2.25 

3.5 

| 3.5 

Residue on 1 SO v J NO 

.. 21i.75 

20.25 

24.25 

21.5 

27.0 

23.0 

Clement through 180 1KO 

.. 2 75 

2.25 

1.0 

2.5 

1.0 

j J( > 

(Jrit from floummeter 

. 121.0 

20.0 

1 S.5 

1 2.5 

o.o 1 

7.0 

Flour from flcuro meter 

: 1.0 

1.5 

1.0 

1.75 

2 75 ] 

| 20 


The individual results from the Le Chatelier test of all 
the component parts of ordinary Portland cement are in- 
teresting, therefore, only in their waverings and hon-calcul- 
ttble results, hut this is inevitable in all tests»into which 
an equal amount of the personal element is introduced in 
testing, and to show, in addition, what further peculiar 
results it is possible to obtain hv the Le Chatelier test for 
expansion through other methods by other operators and 
from other cements, a few moments' consideration of the 
results of many tests in this direction will give the student 
some idea of the futility of an attempt at appraising the 
test upon any ordinary theoretical or even practical con- 
clusions, whether based on a chemical or physical evalua- 
tion. 

The inferences to fie^i^awn from such tests therefore 
are that Rotary and other cenrenft do not increase in 
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# 

expansion witl> age, for with few exceptions only an 
ultimately reduced expansion Uy aeration is genially 
shown by the Le Chatelier t£ f st. * • 

Again, considerable variation is often found in the results 
of tests by the Le («hatelier method, as carried out by the 
sSme of^rator^n the same t-emeTit fas will be seen by the 
following schedules of the expansion in milflnfetres upon 
three sample^ of cement •made bv different processes, 
\%z. 

(a) Rotary kiln cement. (?) Shaft kiln cement. 

(c) rhamher kiln uerilhnt. • 

Each sample of cement was divided into live sections 
a.nd each sectional sample was made # up and tested "at * 
the self-same time, but at varying dates of aeration. The* 
expansions in cold and boiling water are shown and are 
totalled together, giving the aggregate expansion in the 
samples. 

Le Chatelier Expansion Tests. 

Sample of Cement divided into live parts and aerated, tests being made every 
three days. 

SAM PL K A -NOT \KY KILN CRM ENT 


; Sample No. 1 ' 


No. 2 


No. 3 


No. 4 | No. 5 



| is 


r* 

*“ 

• 

3 

Tot a 

Wat 

■s c .* 

« j f 

1 


cS 

£ 

I. 

H 

A» C.round 

3.0 

3.0 •0.0 


2.0 

5.0 3 0 

2.5 j 5.5 ' 4.0 

4.5 

8.5 

3.0 

5.0 

8.0 

3 days 

’ 5.0 

1.5 

0.5 

3.0 

2.0 

5.0 4. 0 

2.0 | 6.0 ' 6.0 

j 

2.0 

si) 

5.5 

1.3 

7.0 

6 

' 4.5 

-.d 

7.0 

3.5 

2.5 

6.0 ' 3.5 

2.0 | 5.5 , 5.0 

3.0 

8.0 

5.0 

2.0 

7.0 

9 

’ 3.0 

2.5 

i.'t 

o - 

2.5 

5.0 4.5 

1 

1.5 1 6.0 4.5 

2.0 

6. 5 

60 

2.0 

8.0 

12 „ 

■ 7.0 

2.0 

0.0 

! 5.5 

1.5 

7.0 4.5 

?.0 1 6.5 ! OK) 

2.0 

8.0 

5.0 

.5 

5.5 

15 

5.0 1 

1 

1.5 1 

1 

0.5 

1 3.5 

1.5 

5.0 ! 2.5 

3.5 ‘ 6.0 3.0 

2.0 

5.0 | 

5.0 

2.5 

7.5 

18 .. 

5.0 ■ 2.0 

7.0 

4.0 

1.0 

i 

5.0 4.0 

1.0 ! 3.0 ; 4,0 ^ 

W> 

« 

5.0 

2.0 

1.0 

3.0 

21 „ 

{4.5 

U i 

o.o 

6.0 

3.0 , 

0.0 : 4.5 

! 2.0 

H 

4.0 

5.0 

2.0 

7.0 

24 

i - 

P. 5 ! 

1.5 

— ; 

1.5 

l..f - 

1 

1.0 1.0 4.0 

|_2;0| 

*6 0 

5.0 

1.0 

0.0 
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SAMPLE B — SHAFT KILN CEMENT. 



Itomplr No. 1 


No f 2 * 


No. 3 

No. 4 1 No. 5 

*c o 

" 

1 


i 

* 

; ~1 



5.? 

*4 

<D 

<8 

Boiling 

Total 

Water 

at , 

iS ’eS 

(S 1 H 

Water 

Boiling 

Total 

Water 

Bailing 

Total 

Water 

Boiling 

Total 

— 

— 

• t> 

_ 


_ 


. 1 . _ . _ 

\* (.round 

4.0 

f,0 0 0 

1 

4.5 

3.0 7.5 

2.5 ( 

3.0 ! 7.5 

: 1 

4.5 • 5 8.0 4.0 4.0, 8.0 

3 days 

1.5 

4.5 ' 0.0 

2.5 

7.0 0.5 

n.o 

5.5 0.5 

3.0 ■ 8.0 j 11 . % 4.0* 8.5 12 C 

fi M 

1.0 

4.0 | 5.0 

.5 

3.0 *L5» 

1.0 

5.0 0.0 

1.5 3.5 5.0, .5 5.0 5.5 

•• » • 

2.0 

4.5 : 0.5 

2 0 

1.5 , 3.5 

1.0 

3.5 ‘ 4.5 

2.0 5.0 , 7.0 3.0 4.0 i 7.P 

i _ [ 

’v 

2.5 

3.0 | 5.5 

3.0 

3.5 0.5 

2 0 

3.5 1 5.5 

I 

3.5 4.5 | 8.0 ( 2.5 ; 3.0 5.5 

15 „ 

3.0 

2.5 5.5 

3.0 

3.0 0.0 

3.5 

3.0 ! 0.5 

3.5 2 0 5.5 3.5 2.5 0.0 

18 „ 

3.5 

2.5 0.0 

3.0 

2.5 5.5 

3.5 

2.0 5.5 

1.0 2.0 3.0 i 2.5 ! 2.0 * 4.5 

21 

3.0 

2.0 5.0 

1.5 

, 2.5 1.0 

3.5 

2.0 5.5 

1 3.5 2.0 5.5 3.0 , 2.5 5.5 


24 . - , 2<» ! 2<> , 


I .A 


I .u.i.o I 1.5 2.0 


2.5 


SAMPLE C. CHAMBER KILN CEMENT. 


l 

- i 

Sjimplr No. 1 

No. 2 

No. 3 

No. 4 


No. 5 

H~4 C 1 












c -5 1 

f- a 

£§ 1 

u 

o 

% 

1 

< m 

C = 

L4 

* 2 j 

2 

S 

1m 

7 2 

J 


1 

it 

C 

_ • j 

% 

li 

£ 


b & j 

tr «s | 

& 

*; , «s 

h b 

1 

h 

« i 

£ 

fi round 

| 

2.0 

•» ■, 

4.5 

4.0 . 2.0 ■ 

0.0 3.5 

3.5 

7.0 | 0.0 

3.0 

9.0 

5.5 

2 5 

3 days 

7.0 

r.o loo 

5.5 | 1.5 

j 

7.0 7.5 

2.5 

10.0 1 2.0 

1.5 

3.5 

1.5 

20 

0 

4.5 

2.0 

0.5 

4.0 2.5 

0.5 , 8.0 

1.5 

9.5 I 8.0 

2.0 

10.0 

0.5 

2.0 

» „ 

.5 

: 

3.0 

3.5 

3.0 j 2.5 

■)•<) ! .i) 

2 0 

i 

2.5 ; — 

2.0 

2.0 


2.5 

12 .. 

2.5 

2.0 

4.5 

/.0 1 2.0 

3.0; .5 

3.5 

| 4.0 : 1.5 , 

3.5 

5.0 

| 1.0 

2.5 

15 „ 

® 2.0 

2.5 

4.5 

2.5 2.0 

4.5 2 0 

1.5 

1 3.5 | 4,0 ■ 

1.5 

5.5 

! 

, 5.0 

1.5 

18 „ 

- 

i>. 

... 

.5 

* 

1.0 , 1.0 

2.0 - 

2.0 

2.0 ! . 10 

4.0 

4.10 

.5 

1.0 

21 „ 

i.u' 

2.5 

3.5 

.5 i 2.>) 

>0 I LO 

2.5 

3.5 : * - 

1 j 

3.0 

3.0 

| 1.5 

2.0 

24 

i .5 

2\) 

2.5 

1.0 1.5 

2.5 1.0- 

20- 

3,0 .5 

1 1.5 

?.o 

j _ 

1.5 


fi 

8 fl 
:u 

8.f 


3.( 


3.1 


0.1 


3.J 

1 . 
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It will, moreover, be found from the numerous inves- 
tigations which have been pubjished by experimenters 
from time to time in connection with the Le Chatelier 
test that they cleaVly sliotf the impossibility of fairly 
gauging either the minute variations of this test upon 
oidinary sampjes of cement, or sts # discrepancies or idio- 
syncrasies, because each and everv experiinewtris direct!) 
governed, in the case of eac^i sample of (ement tested, by, 
a^nong other points : — 

• 

( fl) The nature of the raw materials used in the manu- 
facture of the cement. 

(b) The process and plant used in the reduction apd 
mixing of the raw materials from which the cement ha^ 
been produced. 

tc) The chemical evaluation of the raw material mixture. 

(fh The method of burning the mixture, and the plant 
employed, and the fuel consumed. 

(o The degree of final grinding of the clinker and the 
plant employed. 

(f) The period of storing and .aeration of the cement. 

(f/) The personal equation in carrying out the test, and 
the percentage of water employed, temperatures, &c. 

All these points, with others, are of importance in cal- 
culating the' \ a I ue and results of the Le Chatelier method 
of testing the expansion of cements, hut there is no more# 
exception t<* ho talfhn to this position than there can he 
in, for instance, testing the tensile strength and setting 
of Cortland cements: and although such tests are not 
sensitive in the same degree to these numerous <*<%iditions, 
yet the tensile strength test at least is one equally affected 
by similar conditions in the mean results. 

As far as ean he seen, therefore, there can he no dis- 
puting the value of the Le Chatelier tesjt in ascertaining 
the expansion of cements, but whether the practical 
soundness of a cement is to he definitely gauged by these 
expansion results or not iR quite a debatable ^oint and 
this, doubtless, is more the bone of contention — although 
not so clearly put forward by it, advocates — than is the 
futility of the test itself. 
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It has been urged, on the one hand* that perfectly 
sound and satisfactory cements, which will act heroically 
in concrete work,* &»d will well withstand th^ test 
of age, may sometimes exp*and more thari the 5 mm. 
allowed as the limit by the British Standard Speci- 
fication; and, on the, olfiier, fthat many cements, whi£h 
will show’JiKle expansion by the Le Chatelier fast, are 
so unsound as to completely (^integrate in boiling water. 
Practice and experience show' that this is', in the maip, 
true, and may be regarded as justifying the contention 
that this test iy purely ^.n expansion, and not a soundness 
test. f * 

,The only practical difference in position, however, be- 
r tween tbe stringency of the Le Chatelier test and other 
cement tests is that the five millimetres expansion allowed 
by the Hritish Standard Specification is a low limit com- 
pared to what has been found to be the expansion by the 
same test in many well-known and long-tried cements 
which have been used in considerable quantities with sound 
and satislaclon results ip \ears gone by. 

Hut the modern demand for a limited expansion in 
cements, it is true, may eliminate a product made by old 
methods and old processes, and if this position is altered 
by the immediate adoption of scientific methods and 
efficient plant, then there is no difficulty whatever in pro- 
ducing a material which will come within the limits of 
expansion by the Le ('lintelier test that are allowed by the 
' terms of the Hritish Standard Specification. 

In preparing a cement to pass this Vest, therefore, there 
would he no more effort required on the part of the manu- 
facturer than in preparing one to pass the tensile strength 
test, providing the British Standard Specification Was as 
stringent in its demands of the qualities of the latter as it 
is in the former, and, indeed, if the tensile strains of 
cements w’ere raised to modern conditions, we should see 
the 3 to 1 sand test results well-nigh where the present 
neat tests stand. This position would be more compatible 
with the present-day Le Chatelier test requirements, and 
then the 'theorising as to the causes and effects in respect 
of variations by both tests — and even with other tests — 
could all he dealt xyitiv^i the one category. They are all 
more or Mess governed by t^he •varying conditions and 
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materials employed in the process of manufacture and by 
the methods employed in the testing. # • 

It is of as little mje to try and assign one common cause 
to the vagaries of ttiis test- !is it is to propound an exact 
theory upon the cause df the ever-varying tensile strength 
tfcsts or of tlii» setting times o^ other tests of the same 
cementf, as shown by different operators. All’are due to 
innumerable conditions an^J circumstances, and tjie results 
Obtained froin # testing different brands of cement , {is shown 
by tlfe I # je (’hatelier tests, as v*»ll as b\ other cement tests, 
are legion, as must he their eau^eij. 9 

It may be, and no doubt is qTiite true that jn restricting 
the expansion of cements as shown by the he Chate[ier. 
test to a low limit, many good and long-tried cements, 
will be debarred from entering the field of “ expansirtn- 
less ” cements, but— contrary to the statements which 
have been made from time to time — it is invariably the 
rotary made cements that can the more readily pass this 
test, whether freshly ground or aerated. 

It cannot he disputed that this method puts the testing 
of the expansion of cements upon a distinct quantitative 
basis — an eminently desirable step — certainly at the time 
of the test, if at no other period, although no such certain 
statement can be made in regard to any test showing the 
soundness of cements. It is a test easily manipulated, 
with results readily calculated, clearly comparabfe, and at 
once declaring the cements most free from expansion, even 
if not the soundest, and so long as the consumer desires to 
use one product possessing a less expansion tendency than 
another, witji other qualities equal, there is a distinct ad- 
vantage to he obtained from its use. 

All will he willing to agree that absence of Expansion 
is the most essential quality for a cement to possess, and 
that the ordinary rule-of-thumb tests for soundness as 
adopted by other .-.purifications are the most inexact and 
the most dependent of all the routine te$ts upon personal 
judgment. 

Such a position as regards expansion the Le Chatelier 
test clearly avoids, and, finally, for ensuring absence of 
expansion alone, this test, he it said, has done Qiore for 
the improvement in the quality (•f.^ements generally than 
any other requirement of # the British Standard or other 
cement specification. 
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« 

The “Cold Plunge" Test. 

llie soundness test& in .some Portland cement speci- 
fications include the requirement tt/at the»cemeifc shall 
pass the oold plunge op immediate immersion test. 

Such a clause as the following is, therefore, included in 
some cenvin^ specifications, viz. •— , 


The t cement shall be thoroughly g n U nd and well 
cooled hits on glass made therefrom must show no si*n 
oi contraction, expansions or disintegration whether (i) 
after being kgpt in * humid chamber or in water for 
twenty-four, hours, they are placed in cold water, which 
• is, then brought rapidly to boiling point, and kept thereat 
. for twelve hours, or (2) they are plunged intoeold water 
wfiortly after being gauged and kept there for any length 
of time, or (3) they are kept entirely in the air. The 
boiled pats must not show any tendency to hold water, 
hut must dry immediately on being taken out of the hot 
water. The ‘ plunge ’ pats in addition to not being 
clacked, warped, iVe. , must have a firm and permanent 
adherence to the glass.” 


Unsound ness in the cold plunge test is sometimes 
looked for in the cracking of the surface of a pat of cement 
which has been placed under water immediately after 
gauging# but more particularly in the distortion ‘of the 
the pat at times leaving the glass at. the edges. 

, This is a test which many otherwise perfectly sound and 
expansionless cements often fail to pa,ss, and the scientific 
reason of so many cements showing a surface cracking 
under this test is difficult to explain until more exact ex- 
perimen/ing has been carried out with a test which comes 
into demand only in rare instances. 

The point to be cleared up before definitely stating the 
value of the test is chiefly the one of the action of water 
upon the scum or surface of cement as it is setting, and 
the cause of this' surface cracking in the pats will probably 
be found from such an investigation to centre itself often, 
if not eptirely, with slow-setting cements, on some 
mechanical notion depending upon the operator or the 
method's of carrying out the tests. 

Tt cannot, howevar^tfe definitqjy said whether the test 
shows a defect in the cement or not, but it is certain that 
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surface cracking, is more often caused by the manipulation 
of the test rather than In any action of the eejnent under 
water. Indeed, I'nun an exiJcrienct* t*f the neto vagaries 
brougut jntoVeinenr testing ny this test the defects shown 
by it up to the present MI appear to centre themselves in 
conditions quite outside soimdneft* altogether. 

It is generally assumed that cement con t a gypsum 
will fail to pass the cold uliinge test, hut this h quite a 
intake. No doubt such an explanation has noen put 
forward from time to time by* those who are anxious to 
explain away through some reason or another these idio- 
syncrasies in tlu* testing of ceiWnts, hut it js far better 
to grasp the facts and admit the necessity for an enquiry • 
than to base an explanation upon improbable cireutn-. 
stances. Main cements containing as much as 3 per eciTfc. 
of gypsum will pass the cold plunge test, while again many 
cements which do not contain gypsum or any other addition 
to the clinker, whether rotary made or otherwise, will 
show' “ skin ” cracking ami will lift off the glass. It is 
true that many cements containing gypsum are particularly 
liable to fail in this test, due perhaps to their slow-setting 
nature, and also because of the light, tine particles of 
gypsum and cement being brought to the surface by the 
trowelling and shaking of the pat whilst in preparation, 
hut from many experiments it seems more reasonable to 
conclude that the treatment of the pat has more to do with 
the cracking under the cold plunge test than has the 
presence of gypsum, although this does not apply to the* 
lifting of th£ pat at # the edges. 

It has als <4 been observed that the temperature of the 
water into which the cement pat has been plunged is some- 
times the cause of the surface cracking by this t?st. For 
instance, a number of pats immersed in water with a 
temperature of 30° F. will he found to he sound hy the 
cold plunge test, while the same cement made into pats 
will lift and crack on the surface if put. into water with 
a temperature of 45° to 50° F. ; and again, it has been 
noticed that in the ease of two pats of the same cement 
prepared in exactly the same way, if one is put under fresh 
water and the other put under the older and alkaline water 
contained in the usual briquette the latter pat will 
remain sound, while the fqpner is unsound. 
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Further, the soundness or unsoundne9s of a pat under 
thi^ test is controlled to a large extent by fhe time elapsing 
between the finishing of the preparation of the pat, and 
the time at which it is plunged und/r water. Thfe same 
cement made into two pats will act as follows under this 
test : — 

One pat put immediately under water as gauged, will 
show a* surface cracking, anC the other «pat if allowed, 
before immersion, to get a dull surface after some 15 to<!0 
minutes in the atmospher^, a condition showing* that the 
initial set is likely to take place within the next 15 minutes, 
then this pat, when immersed in water, is perfectly sound. 

• • The pats in the cold plunge test are also affected by the 

* vibration of the*' water in the tank in which they are 
immersed. For instance, if the tank of water remains 
perfectly still, and the water is not interfered with, a sound 
pat will often result, whilst with another pat of the same 
cement, if placed in a tank where briquettes or other pats 
are being constantly taken from or put into the water 
whilst tlie cold plunge pat is setting, then disintegration 
of the surface results. Sometimes, again, if a prepared 
sample of cement is made lip into two pats, and one of 
them be shaken down and the surface trowelled, this one 
will crack in the cold plunge test; while the other sample 
of the wine cement made into a pat, by merely cutting into 
shape with a trowel, and no trowelling on the face, will, 
under the cohhplunge test, he perfectly sound. 'Phis result 

' of trowelling is seen in a more aggravated form in some 
cements either as briquettes or pats. In such cases it is 
noticed that the “ skin " or “ scum ” on the surface will 
separate if there has been much trowelling, and if there 
has been no trowelling the surface will remain perfectly 
sound. This defect again — clearly distinguishable from 
the cold plunge test crack — very commonly occurs 
where excess of gypsum has been added to the cement, 
and if a scientific explanation were wanted, the defect 
might, be attributed to the action of sulphur compounds 
which exist in greater quantity in the skin than in the 
body of lhe<; cement block or pat. This the author has 
demoitstrated by direct experiment with successful small 
additions of gypsum*#! different cements, when it was 
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found that ultimately in the majority of cases a time was 
reached when the skin of a shaken or trowelled pat or 
briquette would payt from tlwe body nvjien placed in water 
after setting? 



Pat No. 1, showing Cracking ky Ovcktrowelling in Cold 
Plungk Ti&t. • 

Jn observing the cold plunge pat test, therefore, some 
important regard should certainly be paid to Ihe results 
from the trowelling of the surface of the cement pats, for 
a distinction can always be between a cracking 

caused b\* overtrowelling ^nd cracking caused in other 

u 
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ways. To enlarge upon this point, two photographs are 
here ,"i\ on of a pat No. 1 where the uplifting skin is shown 
to be much denser than in pat No. 2, which has not been 

* t r C 



Pat No. 2, showing Surface Cracking in Cold Plunge Test. 


trowelled, and the latter shows what might he called a 
complete r cold plunge test cracking. At the same time 
another pat t he same cement, as employed in these 
two pats was perfectly sound under the cold plunge test 
when placed in theMfSiial laboratory briquette tank, the 

H I 
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other two pats* being placed in a separate tank of fresh 
water by themselves. The eminent from jvhich 4hesc 
tliree # pats were made contajfied gy |1s«ni up to ’*2 per cent. 

It will sometimes be seen that with a- freshly- made, 
well-trowelled pat the Ikin will be denser, and water will 
vt’ork it j wav through this skin vftulst the cement is setting 
and cause it to expand slightly or lift in So 'doing, and 
thus separate*from the bdNy of the pat in whidi the ex- 
Jlans^on caused by mfiltering water would he muen smaller. 
From other observations madf- in this direction it appears 
that the dilference between the cracks ^served on un- 
trowelled pats under the cold plunge test, and those on 
pats which ba\e been mertrowelled, is t lint in the lnryicr, 
a somewhat general but, slight disintegration takes place, 
resulting in line cracks on the surface of the pats, and The 
cement is friable and does not set quite bard, but with 
the overtrowelled pats a thin skin is seen on the top of 
the pat, and tills alone disintegrates whilst the pat iiselt 
remains sound and hard. 

In summarising the author's expeueiuv of this test, 
therefore, it would appear that as a broad general rule, 
only slow-setting cements are affected by the cold plunge 
test, and this without the quality of the cement being called 
into account at all. It is clear, however, that under this 
test defects might be separately or collectively occasioned 
by 

(</» The result of the fineness of grinding of the raw 
material u*ed in Olio manufacture, and either a high oT 
low lime content. 

(b) The (fegree of burning of the clinker. 

(r) The percentage of gypsum which is addW to con- 
trol the setting of the cement. 

( d ) The overtrowelling of the test pat in preparation. 

(e) The difference between # the temperature of the 
cement when tested, and of the water* when the pat is 
“ plunged.” 

(/) The period of aeration and temperature of*the cement 
after grinding. * # 

(g) The method and treat mer W # tlic pats before and 
after ” plunging.” 
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An examination of the causes of surface cracking in 
the vM plunge tests shqws that from the results of a 
considerable numben ctf tests* the cause of this crapking 
may be accounted for in one or other of 'the defects 
already noticed, or by a combinat&n of the same. For 
instance : — r 

O o 

(a) If the raw material during the process of mixing is 
not ground sufficiently fine in its preparatidh for passing, 
through the kiln, the result ( js that some particles are? not 
properly burned, as the^aw material has not been finely 
enough divided form an* intimate mixture required to 
obtain complete chemical combination in the kiln. This 
‘results in a quantity of the cement being under-burned 
<vli/'re the lime is only partially combined. Such a cement 
on being subjected to the cold plunge test may cause an 
expansion which might crack or destroy the shape of the 
test pat. 

(b) This to some extent really accompanies the results 
of the fineness of grinding of the raw material already 
mentioned , when the clinker is not properly and regularly 
burned. With raw materials which may be extremely 
finely ground, but low in lime, there is often an over- 
burning of the clinker from this cause, and the cement 
resulting ^herefrom shows a surface cracking by the cold 
plunge test. Cracks in such a case do not extend deep 

into the pat, but the skin can easily be peeled off. 

€ 

(f) In the case of the result of adding gypsum to 
the clinker when grinding, an unsoundness is sometimes 
observed in the pats under this test, and which in most 
cases is shown by the lifting of the edges of the pat off 
the glass, that is, the pats become distorted in shape, and 
in some cases gradually leave the glass altogether. The 
cracking of the surface is only sometimes found, but the 
usual sign of excessive gypsum adding as shown by the 
cold plunge test is the leaving of the pat from the glass 
in its entirety. 

( d ) A common cause of surface cracking in testing 
cement *by tlie cold plunge test is seen with a quick or 
medium setting cenyrnW In making a pat and preparing 
the fine feUther edges of the same, the repeated rubbing 
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of the trowel to smooth off the surface gradually disturbs 
mt practically ‘ ' kills ".this surface ef tiie cfinent 

Zi,'J he r,‘ m , beWe •' is • S0,W time in 

Th! k "i k ‘*? . st *I tin « IWII "«'» small cracks are 

observed, which ultimately spread all over the surface of 
the pat or where ; the greatest application of the trowel has 
taken place. 1 lie skin then splits aua\ rtom I In- bodv 

1 nt -n H 1 ' iU ’" 'r.f *' •" h|i "" l 's is much thicker than 

*hat in the case of the usual cold plunge pat cracking. * 

(c) The difference of toin|t*rature in the cement tested 
and in the water used, ami in Jli£ air during the period of 
cen jet it aeration alter grinding, also consi.kuahlv affects 
the results of cemenl pats immersed in accordance with/ 
the cold plunge test. In warm weifther, for instance, 
and particularly when the cement is taken warm from 
the grinding mills, this is often tin- cause of misonndness. 

A test l«it under the cold test is made without 

speu.il regard to standard lemperatiire either in the cement 
nr the water used m the test, and on Hies,, special points 
great care requires to he taken. Cement, for instance, 
laid out, to cool in the atmosphere remains at the tempera- 
ture of the atmosphere, and on being mixed this cement 
may lie several degrees higher than the temperature of the 
water, which is generally eooler than the atmosphere. A 
pat of cement under those circumstances on beitfg plmmcd 
into cold water slums surface cracking aft,..- a very si Tort 
time, and in I his. respect it has been noticed that where a 
cement w#s perlWtly sound under the cold plunge lest 
when mixed early in the morning and immedialely 

plunged, yet when the same cement was mixed in 
the heat of mid-day and then " plunged,” eraeksideveloried 
over the surface of the fiat. • 

The method of making tlm pats and the treatment of 
tile plunge pats after making are also a. common source of 
surface cracking by this test. ^ hen the cement is mixed 
with water a. portion may receive less* water, and con- 
sequently set more quickly than the remainder of the 
cement used in the pat. 

Again, in the case of the cement mixed with a minimum 
of water, the paste is found to he stiffer than the other 
cement mixed with an excess ot V.fter and ryit so easily 
smoothed* off or shaken *lown. Wl^en such a pat is 
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“ plunged ” cracks are often noticed u|>on the thick part 
of tlire pat, kilt are not existent in the other portion. 

The test' is also directed by the treatment of tfye pat 
when put under water. 'Alter /he pal has been 
under water for a time, it is ctften # taken out of the 
hath to see what it lakii^> place. This repeatdl 
motigu of thg pat and water seems to set up some 0 tension 
in the surface skin, and so caus# it to crack. This is most 
frequently noticed when any special samples are beiii£ 
treated in the bath at the Game time as the cold* plunge 
test; for instance, pat* that have been taken out and 
examined lu^ve been observed to be surface cracked, and 
, th q. same cement in a pat made in exactly the same ‘way 
/ which has not been disturbed during its setting under 
w^ter has been perfectly sound in every way. Similarly, 
several pats under water haw* been disturbed by the mo\e- 
inent of the water due to taking briquettes from the baths 
in which the pats were immersed, and in many such 
eases the pats lane developed surface cracks; but 
fresh pats of the same cement which have been made 
and placed in the same tank and water alongside 
those previously cracked, have, where the water has not 
been disturbed, been perfectly sound in every way. 

Then again, there is a certain persona! element graduated 
from experience with this test which can make the cold 
plunge test either satisfactory or otherwise in the same 
cement without any obvious difference in the method of 
tarrying out the test. The pats made, for instance, by in- 
experienced persons have been noticed ^o he lift sound, and 
th(* same cement when employed b\ one who inexperienced 
with the cold plunge test may he perfectly sound in every 
way. Income cases also some pats when placed in water 
immediately after gauging remain perfectly sound, 
whereas the pats of the same cement if kept until 
the initial set has taken place show decided cracking on 
the surface and ljfting. «• 

These are some of the points which show’ a hazardous 
experience of the cold plunge test w T hen such a test is 
regularly carried out, and the results go to prove that quite 
a numher of 4 conditions have effective influence on the 
results of the tests. f ~ 

Tn all these cases t'he Tort lan£ cements which have been 
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tested have readily witlMood all tiie standard and other 
recognised tests for soundness, ,st length, including 
the 5 t inm. limit ol>xpansioif hv th> kc Fhatelier method. 

j ,11Usl * therefore, he held that because a pal cracks 
and flakes on the surface, under this test, it does not by 
At) means lollow that t h i :• i> <tinv 1o the unsoundness of 
tlie cement. The value and results ol the^eft as far as 
expel ience in practice is ciaicerned, are equally unimpor- 
^nt.especialh when there is a certain doubt as to whether 
tilt* fiuiyiling of the cement nr flic cement itself, apart from 
the possibility of the defect hemg # calculabjc or not, is the 
cause of the peculiarity which V the extent jof the result 
of the surface cracking of pats of cement by the cold plupge 

It mav he said that the explanation of the behaviour of 
cements h\ these tests is caused entirely by the surface 
contents of the pat diilering in composition and consti- 
tution from the hulk contents, an experience not found 
in the practical uses of cement, and whether a cement 
contains gypsum or not has little hearing upon the results 
In this test. 'File remarkable point in regard to the in- 
sistence ol tlu.s cold plunge test h\ some enthusiasts is 
the opinion freely expressed that faulty results by the cold 
plunge pat test essentially show a faulty cement, yet 
when the test is carried out with a small amount of sand 
or other admixture, the defect shown in the ne?it cement 
cannot occur. The same enthusiasts repudiate neat tests 
for tensile strength, which are hopelessly condemned af? 
not iepres< f nting tfie true qualities of the product and are 
not according to experience in practice, yet in the cold 
plunge test the neat cement results are held to dearly 
show the quality of the product under investigation. Such 
common inconsistencies in the testing of cements cannot 
he better illustrated and deprecated. 

A well-known test for the soundness of cement is that 
called the F&ija tost. It consists in subjecting a freshly- 
ganged pat of cement to a moist heat of 100 deg. Fahr. 
for six or seven hours, or until thoroughly set, and then 
immersing it in warm water at a temperature of 115 to 
120 deg. Fahr. for the remainder of 24 hofirs. # 

This accelerated test is hased^ on the principle that 
moist heat, accelerates th^ setting of*cement, and that, if 
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judiciously applied , the age of several days may be artifi- 
cially given ,10 a cement in a few hours. A sound cement 
acquires great hardaefos in a' short tiige when treated in 
this way, but an unsound one, or ont» that 'would under 
ordinary conditions “ blow whenfused in work, is caused 
to develop this latter characteristic in a few hours; and 
hence, by th^ use of this test, a definite opinion •may be- 



Kaij \ * s Hot Water Amimrs. 


formed as to whether or not a> cement is a safe one to use, 
independently, of course, of its tensile strength, which 
may or may not he equal* to that required. 

The apparatus consists of a covered vessel, in which 
water is maintained at an even temperature of from 115 
deg. to I ‘JO deg. Fahr. ; the space above the water is, there- 
fore, filled wi'rh the \apour arising therefrom, arid is at a 
temperature of about Jflf) deg. jmmediately the pat ia 
gauged, it •should he placed on # the rack in the upper part 
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of the vessel, and in five or six hours it may be placed in 
the warm water and left therein, .for nineteen or tvfentv 
hours If a t the eed of that* period* the pat is still fast to 
the grass ot» showt* no sign of blowing, the cement mar 
be considered perfectly %ound ; should,. however, anv sign's 
df blowing appear, the ee.itm.t fl, laid out in a thin layer 
for a day or two. and a second pat made* a*nd treated 
m the same planner, as Ac blowing tendency may only 
he dye to the extreme newness of tlie cement.' 

follows •- 1 '’ a,ld perhap8 r< ‘ fl<1 *’ r ' h'st for soundness is as 

Prepare sample pats of ceinen; m the ordinarv \va\,and 
after U hours place them in a receptacle of cold wafer, 
which should then be heated gradualh to boiling point* 
allow to boil lor two to four hours. 1 1 the pats are sound 
the cement will be found thoroughly satisfactory in the 
constructional work in so far as constancy of volume is 
concerned. 



« t 

Tensile' Strength J’estg. 

CHA1VTKR X^II- 

I'iik, value? o# a cement depends upon its power (fi setting 
into a rijjid mass soon after it #> gauged, aryl on its power 
of* attaining a considerable strength in course of -tin^. 
The testing of the strength of Portland cement ,may he 
performed by yompress#.vc and h\ tensile tests, the latter 
including thf transverse test made l>\ breaking a beam of 
t cement. 

# Tn actual work .the strain to which cement is subjected 
is* not necessarily a purely tensile or purely compressive 
strain owing to unequal hearings and loadings, hut is more 
often a transverse strain. The trans\erse and compressive 
.tests are, however, rareK made, the most usual test for 
cement, largely for the sake of convenience, being that of 
its tensile strength. 

The compressive stress for testing Portland cement can 
be readily applied hy apparatus designed to this end; hut 
the test serves little purpose since the compressive strength 
of neat cement is found to he in a fairly constant ratio of 
about ]() to J as compared with the tensile strength, the 
test for which may he applied more easily and by simpler 
and more familiar apparatus. 

• There is, however, likely to he a much greater demand 
for results of compressive tests with* sand jtnd cement, 
owing to the increased uses of reinforced concrete and to 
the variable results given hy different cements when tested 
wdth sanfi in compression. 

At the present time the section of a cement report which 
receives the most attention is that, dealing with the tensile 
strength. This, perhaps, is not surprising, when we 
remember that tjiis test-, "although possibly the most illogi- 
cal and erratic, is the most convenient. 

The object of the tensile (or stretching) test is to deter- 
mine the greatest stress per square inch which, under given 
conditions, iShe cement can be made to stand without 
rupture. If the copdi^ions have typen carefully observed, 

(3H) 
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and yet several discrepant results are obtained, the highest 
may be right, but the others arp certainly \yong. • No 
averaging should fye done, although* this is a practice 
regularly resorted t(f. • 

Jn respect of the uncertainties due to the personal 
characteristics .of the tester* and* t(j the influence of local 
conditions, this test offers greater scope for eirnf thaininy 
of the others considered. % 

^riie most scrupulous can* must be obsened in flic mani- 
pulation* and the tester should possess natural aptitude 
for such work. * 

There is, fortunately, now a Standard method of testing 
cements in this country, hut engineers frequent!} drawjup 
their own specifications for testing. The average tensile 
test of neat cement as marketed to-day is from fiOOHo 
700 lhs. per square inch in seven days, and 800 to 850 lbs. 
in twenty-eight days, these being the two periods most 
generally adopted for testing, and, on the whole, the most 
convenient. A tensile strength above the average men- 
tioned need not, however, excite suspicion as to the sound- 
ness of the product, as is often the case, for a. carefully 
made cement will often sustain ven high strains before 
fracture; and if such a cement withstands the far stricter 
accelerated tests for deciding as to the safety of the 
material, a high strength may certainly he looked for as 
one of its decided qualities, ft is, however, sometimes 
the ease that a high tensile strength may bo caused by over- 
liming the raw material, but since a number of tests are* 
in vogue fof indisputably discovering such a weakness in 
a cement, ope can by these means readily confirm the 
records of the tensile test and prove the soundness of the 
material. > • 

With the now increasing demand for a finely ground 
cement, it is to be expected, and in fact it should be urged, 
that in place of neat tests an admixture of sand should 
be employed in estimating the value of the sample. In 
the neat tensile test the full value of the cement as a con- 
creting material or as a cementing power never comes into 
play; and, granted that a finer cement iR a moie valuable 
product, a coarse sample will, in a neat tesfr, giv^ results 
as to tensile strength equal or superior to those obtained 
by a fine cement. But, oq the other *hand, th& difference 



316 TENSILE STRENGTH TESTS 

f 

between the constructive values of a coarse and a fine 
center) t w^Il be most # noticeable in a test for tensile 
strength, carried out* with a mixture .of sand and foment 
in tin* pro|K)rtion of •) to 1. 9 § * 

The value of sand tests in plaCe of neat tensile tests is 
more appreciated dayh/davf and this hap.ily requires 
explanation 'mice cement is rarely, if ever, used In a neat 
state, except by consumers vtf-.o have a w^ong impression 
(J its qualities. In a sand test the more practical con- 
creting qualities of the {product are ascertained and 
its value as y const r active material is assured. Many 
cement specialists have consequently ceased to consider 
tlye neat tensile tests of importance or of any practical 
f value, and, therefore, on the former count the test of neat 
briquettes is deprecated. 

The experience of those who have spent a considerable 
part of their life-time in testing cements seems to show 
that every brand of cement has its own distinct peculiarity 
which requires to he iu\ estimated and understood before 
it can he stated that any given result by the tensile strength 
test is a true and sufficient, ascertaining of the value of the 
identical sample under test. 

An instance of this has been known to occur when* a 
sample of cement made into a semi-dry briquette 
will break at some H00 lbs. per square inch, but if made 
plastic the same cement will break at about 450 lbs. 
Another sample prepared semi-dry for the neat 
* tensile test will break at about 500 lbs. per square inch, 
but if made in a condition equal to plastic the teanie cement 
will break al some 55011)8., and yet the results obtained 
from the sand tests of these two cements have been almost 
identical*: 

In the opinion of many who are authorised by experience 
to give a reliable statement upon the neat tensile strength 
test, it is held that the extraordinary susceptibility of neat 
cement renders it impossible to expect any reliable results 
from the usual haphazard way of testing, and even under 
the most carefully guarded conditions there is a doubt 
about the' utility of this neat test. Tt would be a mistake 
to pla<y* much reliance upon a system of testing that will 
occasionally give a t gopd result neat tensile tests when 
the sand test gives a poor one, ,and similarly when the neat 
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tensile strength Jest gives a poor result, and the sand test 
quite the opposite. , m • 

In the case of ope tester •known* to the author, who 
has m%de up a cofcsiderabfe number of tests of neat 
oements, and who hasthad years of application at this 
werk, it has L^en uSmitted#that*ty fully understand the 
vagaries %f neat cement testing demands a hft-lAng stydy, 
and the more persistently a satisfactory conclusion is 
attempted in the judging of cements h\ the neal tensile 
test results, the more complnfited grows the knowledge 
to be obtained, as time goes on. 

Part of this variation is, Jfcwever, inevitable. The 
strength of Portland cement depends so largely upon the 
details of the method of testing, that variations in mani- 
pulation among a number of other and minor causes make 
an appreciable difference in the results, and the neat ten- 
sile test is therefore governed by many circumstances. 

The following particulars include perhaps most of the 
common causes of divergent results in the tensile test : — 

(1) Due to the Cement. — Whether the cement is fresh 
or has been aerated, and if the latter, the period of 
aeration. 

(2) Due to Gauging. — The amount of water used in 
mixing. The quality, character and temperature of the 
water used in gauging. The temperature of tl* 1 room. 
Whether the cement is hand- or machine-mixed. Whether 
a non-porous material is used as a mixing tray. 

(3) Due to the Preparation of Briquettes. — Whether a* 
skilled operator has been employed. Whether the mould 
is of wood or*iron. The shape of the mould, the method 
of filling, and whether the mould was filled at cjie or at 
several operations. Whether all air bubbles have been 
eliminated. Whether the mould is shaken, tapped 
rammed or pressed to make the briquettes of various 
densities. 

Whether the briquettes are kej)t damp during setting, 
and whether kept dry or in water during the period of 
test. Whether the briquettes are made by the same 
operator on the same day under the same conations. The 
temperature of the water used for immersion. • 

(4) Due to the Testing. — The tesnj^rature of the test- 
ing room. # The length of time the briquettes Rave been 
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out of the water previous to testing. The area of the 
breaking section. Thq. form of the briquettes and the 
si in j •(* of the cross Action at the [>oipt of fracture, The 
nature of the strain, and whether suddenly 1 or gradually 
applied, and the time occupied* in applying the strain. 
The form of clips jn ’the • testing* machine for bedd- 
ing f thc hliefaettes. The direction of the strain £s regards 
the breaking sections of the briquettes and the preventing 
o‘ cross strains. The unequal hearings of the clips, on Jhe 
briquettes. t 

The fact llait there^are so mam separate factors con- 
nected witlj the making 'and testing of briquettes, all of 
wjiich have a distinct and definite influence on the sub- 
sequent tensile strength need not, however, unduly point 

the inconsistency of tlie test. 

For instance, the age of the cement after grinding is 
found to a fleet, the tensile strength of a briquette; but as 
the manufacturer is responsible for the state in which the 
cement leaves his works, we can rcljT’upon him looking 
after his own interests in tins direction. 

The percentage of water to be used in the. gauging of 
neat briquettes is generally from is to *25, a proportion 
which Mines according to the age, lineness and activity 
of the sample. 

For briquettes of three parts sand to one of cement, 
about b f per cent. of. water is required (the percentage 
being calculated on the total weight of the sand and 
cement). 

The best results are obtained with Si minimum quantity 
of water, and a dry or stiff plastic mixture gives greater 
uniformity. 

The (rater to be used in gauging must be clean and 
fresh, and of a temperature of about 60° to 70° Fahr. In 
the gauging of neat briquettes, the cement and water must 
be thoroughly mixed for one minute, and then pressed 
into the mouid$ by the •trowel used in gauging. 

Any excess cement should be removed and the top of the 
briquette smoothed off level with the mould. Particular 
care should be taken that the mixing is carried out upon 
some non-absorbent substance, such as a slab of slate or 
thick glass. r 

It should further be pointed out that the accurate test- 

f 
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ing of cements for tensile strength # is not a simple process. 
Some experience is necessary before the materials cigi be 
manipulated so as to obtain even approximately' accurate 
result*. * 

T I le tests carried out ||\ inexperienced though intelligent 
a«d candid persons? are u^iallv* von* con trad ictorv and 
inacctinAe. and no amount of experience mm totally 
eliminate llie variation.s introduced l>\ the personal ffpia- 
ti^m yf the offrnlor. 



1’i.vri: No. 1 

An instance of siitdi variation is .shown in the illustration 
which is hei^’ yiven (plate No. 1), showing two sections 
of two broken briquettes made from the same cement hv 
two dilferent operators. One briquette (contaftiing air- 
holes) tested at »M) lbs. per square inch at seven days, and 
the other at 580 lbs. 

The British Standard Specification requires that in 
testing Portland cement for its tensile strength, both neat 
and sand results shall he ascertained, the test being carried 
out as follows : — 

Test For Tensile Strength (Neat Cement). 

The breaking strength of neat cement shall be ascer- 
tained from briquettes of the shaffe described.* 

* • 
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The briquettes shall be prepared ii^ the following 
maqper : — 

The cement shal,( be mixed with such a proportion of 
water that the mixture shall be plastic*' when tilled iAto the 
moulds used for forming the briquettes. 

The cement, gauged* as , above, fehall ,be filled into 
moulds of the form required to produce briquettes of 
the "shape shown, each mojdd resting upon a non- 
pprous [f»ate. In filling the moulds the operator's Jiands 
and the blade of the ordinary gauging trowel shall alcinebe 
used. The trowel shall f weigh about 7^ ozs. No ramming 
or hammering \n am form will he permitted, nor shall any 
other instrument or apparatus other than the trowel before 
‘ described he employed for this operation. The moulds 
‘after being filled may he shaken to the extent necessary 
for expelling the air. 

Clean appliances shall be used for gauging, and the tem- 
perature of the water and that of the test room at the time 
the above operations are being performed shall be from 
58 to 64 degrees Fahrenheit. 

The briquettes shall he kept in a damp atmosphere for 
'24 hours after gauging, when they shall be removed from 
the moulds and immediately submerged in clean, fresh 
water, and left there until taken out for breaking. After 
they have been so taken out .and until they are broken the 
briquettes shall not he allowed to become dry. The water 
in which they are submerged shall be renewed every seven 
.days, and shall be maintained at a temperature of between 
58* and 64 degrees Fahrenheit. ^ a 

The briquettes shall be tested for breaking strength at 
7 and 28 days respectively after gauging, six briquettes for 
each period. The breaking strength shall he the average 
tensile breaking strength of the six briquettes for each 
period. The briquettes to he tested shall be held in strong 
metal jaws of the shape shown, and the load shall be 
steadily and uniformly .applied, starting from zero, and 
increased at therate of 100 lbs. per square inch of section 
in T2 seconds. 

The breaking strength of the briquettes at 7 days after 
gauging shah be not less than 460 lbs. per square inch of 
vection. * « 

The breaking Btringth of the briquettes at 28 days after 
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ganging shall show an increase on the breaking strength 
at 7 days, and shall he not less than the number of pqpnds 
per square inch of section arrived* fit, from tfie following 
formina : — • * 

l^reakiftg strength at 7 ilt 7 da - 

• • 

Test For Tensile Strength (Cement and Sand). 

*Thfe breaking strength of cement and sand shall be ascer- 
tained from briquettes also of*he sliape shown* in illustra- 
tion. The briquettes shall be .prepared in the following 
manner: — 

A mixture of cement and sand in tin; proportion of one w 
part by weight of cement to three parts by weight of the 
standard sand specified shall he gauged with sufficient 
water to wet the whole mass throughout without any 
excess of water being present. 

The mixture, gauged as above, shall he evenly distri- 
buted in moulds of the form required to produce briquettes 
of the shape shown in illustration, each mould resting upon 
a non-porous plate. After filling a mould a small heap of 
the mixture shall he placed upon that in the mould and 
patted down with (he Standard Spatula, until the 
mixture is level with lire lop of the mould. This 
last operation shall he repeated a second time? and the 
mixture patted down until water appears on ihe surface; 
the flat only of the Standard Spatula is to be used ami 
no other instrument or apparatus is to he employed for this 
operation. 'J’he mould, after being filled, may he shaken 
to tlie extent nocessan for expelling the air. No ramming 
or hammering in any form will be permitted (luring the 
preparation of the briquettes, which shall then be finished 
off in the moulds by smoothing the surface with the blade 
of a trowel. 

Clean appliances shall he employed for^ganging, and the 
temperature of the water and that of the* test room at the 
time the alxne operations are performed shall be from 
58 to 64 degrees Fahrenheit. • 

The briquettes shall be kept in a damp atmosphere for 
l 24 hours after gauging, when they shall he removed from 
the moulds and immediately subfiictged in clean, fresh 
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water, and left there until taken out for breaking. Aftet 
they have been so taken out and until they are broken, the 
briquettes shall not be allowed to become dry. The water 
in which they are submerged shall be renewed every seven 
days, and maintained at a temperature of between 08 and 
64 degrees Fahrenheit. w 

The briquettes shall be tested for breaking strength at 
7 antf^ days respectively after gauging, six briquettes for 
each period. The breaking strength shall tfe the average 
tensile breaking strength o f ( the six briquettes for eacn 
period. Tlie briquettes to be tested shall be held in strong 
metal jaws of the shape v shown, and the load steadily and 
uniformly applied, starting from zero and increased at the 
’rat# of 100 lbs. per square inch of section in 32 seconds. 

* The breaking strength of the briquettes at 7 days after 
gauging shall be not less than 200 lbs. per square inch of 
section. The breaking strength of the briquettes at 28 
days after gauging shall show an increase on the average 
breaking strength at 7 days, and shall he not less than 
the number of pounds per square inch of section arrived 
at from the following formula : — 

Breaking strength at 7 days + - — r . 1 — — 

0 r J Breaking strength at 7 days. 

The standard sand shall be obtained from Leighton 
Buzzard, be thoroughly washed and dried, and shall pass 
through a sieve of 20 by 20 meshes per square inch, 
and be retained on a sieve of 30 by 30 meshes per square 
inch. The sieves shall be prepared from wire-cloth, the 
wires being .0164 inch and .0108 inch in diameter respec- 
tively. The wire-cloth shall be woven (not twilled), the 
cloth being carefully mounted on the frames without dis- 
tortion. 

In the preparation of briquettes it is advisable, as 
far as possible, to have all moulds (which should be made 
of gun-metal) shaped exactly alike, and the gauging of 
each briquette should be Varried out in exactly the same 
manner. As the value of the tensile strength test depends 
mainly upon the preparation of the briquettes, it is neces- 
sary that precautions be taken so that the personal equa- 
tion is, as far as possible, eliminated, by ensuring that the 
proper percentage of cement and ^ater is always strictly 
observed. In preparing the briquettes, after the mixing 
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of the samples* of cement, care should be taken that the 
moulds, have been properly cleaned and placed on 4 »mall 
plates of iron or slaje. • '# • 

Fo! # the ^ieat test, weigh the registered quantity of 
cement for each bricjuetie and turn out the weighed cement 
m a heap on .to the slate «lab»apd, after hollowing out, 
gradually pour on the exact amount of watee \fhich^f. has 
been previously determined will provide the consistency 
required according to the standard specification.* • 

Tfieq trowel the cement thoroughly and quickly, and 
fill the mould so that the materi|l is solijl and free from 
air spaces, and finally trowel tHe top side of ^lie briquette. 

During setting, the briquette should be placed iu a dpap 
place or covered with a cloth saturated with water, anjl 
allowed to remain for 24 hours in a place free from any 
vibration. A briquette that has thus been allowed to 
harden slowly, and has been kept free from any hot, dry, 
or draughty atmosphere, may be relied upon as being 
stronger, and the testing results more uniform than is the 
case where the water is evaporated from the cement too 
quickly. 

When the briquettes are thoroughly set they should be 
immersed in water until ready for testing. 

Some of the testing machines generally used in this 
country are illustrated here, the “ Adie ” testing machine, 
with the automatic regulator, being, perhaps, more often 
employed. 

The instructions for working the “Adie” testing 
machine an? as folibws : — 

Fix the forked pillar E by means of nut and washer, 
drop the spindle 8 into its place in the table, th§n put the 
standard A in position and insert the notched plate in 
groove of spindle, bolting down A so that the lever when 
strained (by putting a moulded briquette of cement into 
the clips B and C, and then tightening by means of the 
wheel R) may take its position freely in the centre of forked 
pillar E. Put the lever F in its place so that the knife edge 
rests in groove of hardened steel on top of standard A; 
hang on clips B and C ; put head weight in place and fix by 
thumb screw, and the machine is then ready fo^^Use. 

To test the briquette, insert in ihe* clips B and C, then 
turn the wheel R until the? lever at E rises well above the 
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zero line ; then l>y turning handle on standard E the 
weight is moved gently along until the briquette has 
broken , the strain l#ing then read off on lever. 

With machines having twO rows /of figures, use the 
bottom row with head-weight in it^plaee on the lever, and 
the top row with head-weight,, and thumb screw off. 

The automatic regulator has been designed ttf J give a 
uniform rate of travel to the weight, so that all tests arc 
mi?de at dn equal number of lbs. per minute"; but this can 



be aileron to any speed required hv means of a cock in 
piston ; it is also self-acting, and when the test is started, 
needs no interference whatever, and directly the briquette 
breaks the weight is held fast by means of clutch or brake 
until released. , 


To fix the automatic regulator, fasten the brass tube to 
floor underneath the pulley marked S3, so that the weight 
W just clears, and till the tube with clear lubricating oil, 
attach tiie long cord to left-hand side of vernier, pass round 
pulley 4 on top of pillar A, and back and down over 

it 1 f 
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down again to eye at 5, attach the short cord to right-hand 
side or vernier, pass it over ami twice round ilie pulley to 
prevent slipping. . • $ • ■ 

Toiise automatic regulator, see that the vernier is at the 
commencement of f cah». then place briquette into its place. 
Tighten by the wheel I{ mAil tile strain is sufficient to lift 
the levPr well above the zero line on standard If, them hung 
on brass weight \\ , whicll will at once coinnience to move 
vet tfier along the lever: sec that, the vernier weight dues 
not rock .while travelling. T# commence another test, re- 
luove weight \\ , lilt lever hy means of lifter, which is fixed 



to standaut E, tltcn press on the cross handle at top of 

vei ni". 10 ! " l ‘ W ‘ lot ,,lsto " ,lown gently, and return 
"V ° ,,<,,,, J llt “neement of scale, and proceed as 
dlicady (icscnhed. • 

in continuing with the testing machines used in this 
country, reference should he made to the “Faija" appa- 
ratus as being one commonly used by manufacturers and 
engineers, and a description • of (lie. working of this 
machine will no doubt be useful for reference. 

To use the “Faija ” machine See that the quadrant 
-A is in the position shown in sketch so that Hie chain B 
to the dial C is slack, and tile lever T) free aTid balanced. 

Turn the wheel E from right tojeft, until the lower clip 
J? can be raised into contact with the upper clip G. 
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Insert the briquette to be tested in the clips, taking 
care « that it is put jn evenly, so that the .pull 
is true and vertical, t then 'turn the, wheel E .from 
left to right, which will brirlg down* the ldWer qfip F, 
and secure the briquette firmly in the clips. (It is. gener- 
ally advisable to put suq,b a strain on the briquette by turn- 
ing wheel E that about 100 lbs. is indicated on tHe dial.) 
When in this positon there shcald be about* half-an-inch 
between tfhe under side of knife edge H , and the buffor q* 
recoil spring I. ■, , 

Having seen [hat the pinion K is in gear with the wheel 
h, turn the r handle M until the briquette breaks. The 
^looqe pointer will show on the dial the strain in lbs. at 
which the briquette broke. 

To return to zero : — Throw the pinion K out of gear 
with the wheel L by turning the pin and pushing the 
spindle to the left; turn the wheel L from left to right 
until the quadrant A has returned to its normal position 
with the chain B slack ; put the loose pointer hack to zero: 
release the lower clip F by turning wheel K from right to 
left; remove the broken briquette, and insert the next that 
is to be broken. 

Another useful apparatus for testing the tensile strength 
of .Portand cement is Salter's Cement Testing 
Machine. 

This apparatus has now been improved and revised so 
as to meet the requirements of the British Standard Speci- 
fication tfor cement testing, and it will be found as useful 
a machine as can he devised for the pulpose. 'll has also 
been increased in strength, and the bucket sl^ot -run, and 
scales made suitable for weights up to 1,200 lbs., as owing 
to the recent improvements in the manufacture of cement 
it is no unusual thing to find neat tensile tests up to 900 
to 1 ,000*lbR. on the square inch at seven days, and, of 
course, still more than that at longer dates. 

The shape of the clips tain accordance with Standard re- 
quirements, Ond these are sufficiently massive to require 
no cross stays. As the speed of the shot feed is now stan- 
dardised, a •■can for hand feed is not supplied. The speed 
of the slv>t mrfv he adjusted to 450 or 500 lbs. per minute. 
With the former speedy as the bucket indicates 50 lbs., it 
makes up a total load of 500 Ibp. on the briquette in the 
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first minute. It is better to use this spegd with a sand 
briquette, but if the briquette is neat and the test is likely 
to be considerably ovet 500 lbs., it bad better be set to the 
speed at the 500 lbs. mark. * *' «* * 

Standard briquette moulds are ralso supplied with the 
apparatus, and a glass fpuiie tukeep the machine clean and 
brigUt. The machine should be well looked after, 
and not allowed to get into a (ferty condition, or its relia- 
bility maj- be impaired. 1 t 

The apparatus consists oft a japanned cast-iron foluinn, 
carrying a pair of compound levers, having a combined 
leverage of Q0 to I. The Severs are fitted with tempered 
ste^l knife edges, which rest on polished concave hearings, 
also of tempered .steel, thus obtaining a very sensitive 
on hi nee. A sliding balance weight for the purpose of 
setting the levers in equilibrium is fitted to the upper lever. 
The upper damp, to receive the cement briquette, is sus- 
pended from a knife edge on the lower lever; the lower 
clamp is attached to the base of the column, .and is adjust- 
able by means of a screw and a small hand wheel. The 
supply of shot to the bucket is automatically cut off at the 
moment the briquette breaks. 

To use the machine, set the leverH “ floating ” by means 
of the sliding balance weight. Once set tightly, this 
need not he touched. If, however, it is desired to start the 
load front zero, this weight can be adjusted to balance the 
weight of the can by running it out to the end of the lever. 
*In that case either 50 lbs. must be deducted from the scale 
when weighing the shot and can, or, tin save this calcula- 
tion, the pointer of the balance can be adjusted by the 
screw for that purpose so as to stand at zero with the weight 
of the call; and in that case the pointer w ill give the weight 
of shot only. 

The briquette is next removed from its tank, wiped with 
a cloth, and placed in the clamps, centrally and flush with 
the sides. k « 

Hang the bucket on the bridle and saw up the hand 
wheel until the top side of the lever from wdiich the 
shot can if* suspended is about half an inch from the top of 
the guifle. ‘This then allows ample downward move- 
ment, if the clips slide up the Ijriquette as the load in- 
creases, and prevent^ the lever pouching the bottom of the 
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* 4 uide before rupture* and avoids tte necessity of stopping 
the machine to screw up the wheel again. 

As soon as all is ready and all tlie'Jnife edges <i re seen to 
rest square ft\ them bearing, depress the handle to the 



A v no's Ckmknt Tkrtkr (with Watbr). 

first notch. If starting from ze/o the shot should be ad- 
justed to run at the 5(H) lbs. per minute. * 

As soon as the briquette breaks, the bucket falls on to 
the rubber pad and depresses the lever by .which the 
shutter is released, and so cuts off the supply of shot. 
All shot must be the same size — No. f> for preference. 
The bucket is then removed and jflaced on Jhe spring 
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balance by which the breaking load' is at once indicated 
without calculation. f 

If by any chance Me shot should, hang up frojn any 
•cause, the container should bd tapped/ * 

The apparatus will test with e<yial correctness any load 
from £ lb. up to ] ,200 lbsf • # * 

After uffe the machine should be at once rubbed down 
with a dry, soft cloth, and put under cover. # 



AvkhU'H “ Tablk Pattkkm “ Ckmknt Tkrtkh (with Shot). 

Other machines very common! \ used for testing cement 
for tensile strength are the Avery’s Table Pattern 
Clement Testers as illustrated. 

These tests are applied by means of tine shot flowing into 
a receiver at the end of the steelyard, or in another appa- 
ratus water is used to apply the strain. This ensures an 
even an$ steady application of the strain by which means 
accurate results are obtained. 

In the former machine the flow Sf the shot is so arranged 
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tnac me strain is applied to the specimen at a uniform rate 
of increase of 100 lb. in 12 seconds. # 

When the specimen fractures, fh^ljot is automatically 
cut offS>y a trigger Operated hy the sudden fall’ of the steel- 
yard. *, , 

•The breaking strain of the specimen* is computed from 
the weight of the shot by unhooking the receive? and sus- 
pending it from the other %nd of steelyard. The recffver 
isjihep weighed on the steel) a rd, which gives tfle strajp 
(in lbk.) # at which the S(>ecitne|| was fractured, und avoids 
the use of a separate weighing machine. 

The machine is strongly constructed, the standard steel- 
yard and levers being of cast-iron, and the knife edges apd 
bearings thioughout»of hardened steel. . 

New pattern self-adjusting gun-metul grips are provided* 
for holding the briquettes, designed ft o that the strain is 
applied in true alignment, thus preventing any tendency 
to a lateral strain, which would “tear” the briquette and 
give inaccurate results— the grips agree with, the Standard 
Specification. 

in regard to the tests of ageing in cement and concrete 
mixtures and their effect upon the tt'nsile strength results 
some interesting and useful figures are published by the 
Geological Survey Department of the United States. 

A report u|K)ii “ Portland Cement Mortars and their Con- 
stituent Materials” gives the results of over 25,(1(10 tests 
made during the years J 905-7 at the Structural Materials 
Testing Laboratories at Forest Park, St. Louis, Mo. The 
report may la* divided into two parts. The first deals with 
tests, chemicjjl and physical, of seven different cements, 
and of a typical cement composed of a mixture of equal 
parts of each of the seven brands; and of test#on 1 :H 
mortars made with these cements in which a standard sand 
was used. The second part of the rejiort deals with tests 
of 2*2 sands, 12 gravel screenings, and 25 stone screen- 
ings, and of mortars made with these sands, and with the 
gravel and stone screenings. 

The tests of the seven cements and of the mix indicate 
clearly that the maximum tensile strength* of speci- 
mens made from neat oement is reached in About jiinety 
days. From that time till 180 days the tensile strength 
Temains nearly stationary , apd from to 360 days there 
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is a decrease in tensile* strength of a'bout ^5 per cent. In 
the *case of standard mortars made from the various 
cements all showed Vf ie< same characteristic falling off in 
tensile strength from 180 to 330 days/ The Mixture, how- 
ever, showed a falling off from to 180, but a s/ight in- 
crease in strength' from £80 to 360. ' Further tests made 
on the mixture, after storage in air-tight cans fur periods 
varying from a few weeks to# year, indicated that after 
m days' the tensile strength was fairly constant or slighjlv 
increased. Altogether, tly* tests for tensile strength on 
both specimens made fjom neat cement and from standard 
mortars do not exhibit thfc uniformity which might he ex- 
pected. As regards the falling off in tensile strength from 
180 to 360 days, these tests indicate the necessity of earry- 
'iixg tests over a. further period of time, and also of making 
tests at a 270 day period. The tests on the compressive 
strength indicate a steady and rapid increase in strength 
up to J80 days and a slight increase in strength from then 
onwards. Tests on the transverse strength showed an 
increase up to 90 days, practically stationary from 90 up 
to 180 days, and a slight decrease from that time to 360 
days. 

A study of the percentage of gain in strength for various 
periods of time discloses the important fact that while 
cements may test high or low at seven days, at 360 days 
all are fairly close to each other. Cements which tested 
low at seven (lays, as a matter of fact tested higher at 360 
« days than did those giving high strengths at seven days. 

The tests indicate, further, that lAortars made with a 
cement composed of a mixture of a numbqv of standard 
brands are likely to prove more efficient than mortars made 
with anj of the individual brands. Further tests, how- 
ever, must he made before this hypothesis can be definitely 
established. 

The tests made on the sands, gravel, and stone screen- 
ings indicate tjiat the "tensile strength of mortars made 
from them decreases with an increase in the percentage of 
voids. The same is true for the compressive and trans- 
verse tests, though not so marked in the tests for trans- 
verse strength. Tests for density of mortar indicate, as 
would be expected, ttyit the density is greatest for the least 
percentage of voids 1 : 

The New York Public Service Commissiofi, in 1905, 
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commenced an jnvesfigation of tfie comparative tensile . 
strength. of neat cement and cement and sand briquette* at 
varying periods up to two year*. % PIjf results ot*the inves- 
tigation were read a meetirig of the Americart Association 
of Portland Cement Miymfacturers, in December, 1907, 
ar*l are very iqptrucfive reading. • The finest igat ion prim- 
arily liad^eierence to the theoreticaf chcmicaWce&nposition 
of Portland cement ; but as^tlie tests were very cxhnilstive 
and hjjvc the Advantage of being original, we prtipose h> 
oxamftie them so far as tli^v relate to the ageing of 
concrete. 

Tn all, fourteen different binnus of Portland cement 
were taken, and nine tests from each Tirand were 
made, so that the •figures in the following tables show 
the results of P2(> tests. The briquettes were broken at* 
seven days, twenty-eight, days, three, six, twelve months, 
and two years. Five different, mixtures were tested at each 
of these periods. After averaging all the tests of each of 
these mixtures, the results are given in Tahl«» I. 

Tahiti f. --Tenhii,k Rr-sn/rs ok Neat Cement and Con- 

CltETE AT DlKKKHMNT PllltlODS. 

.Ircrw/r llesults of Smuty-lwo Teals. 
i A<je of Samples (lbs. jK j r square inch) 




Nr von 
Days 

Twenty- 

eijrht 

Days 

Three 

Months 

Six 

Months 

• 

Twelve 

Months 

Two 

Yearn 

Neat Cement 

• 

087 

- 

70S 

777 

703 

703 

Standard 

2 and ] 

• 

Sand 

3S7 

502 

320 

30ft 

407# 

400 

Natural 

2 nnd 1 

Sand. : 
... 1 

411 | 

| 33“, ; 

303 

030 

000 

007 

Standard 

3 and 1 

Sand, j 

1 

j 

245 

1 

i 

330 ; 

37) ! 

37tU 

358 , 

344 

Natural 

3 and 1 

Sand. ; 

330 

437 

338 | 

556 

59q j 

60S 

_ . - - 

. ! 




- _ . 

J 



When the above results have been plotted into curves it 
will be seen that neat cement reached practically«its maxi- 
mum strength in the very* short perio^ of twenty-eight 
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days, and in the large majority of cases yras found to de- 
crease at tjiree months f and onwards. Quartz sand f con- 
crete, however, did Vioi reach its maximum until three 
months, after which the strehgth fell off. The American 
standard crushed quartz sand cor stats of that portion re- 
jected on a sieve of twenty meshes per lineal inch. That it 
is decidedly inferior to the natural sand used in the above 
tests is doubtless due to the respective size, of the grains. 
Any advantage which the natural sand may have through 
being slightly clayey would not account entirely, for the 
higher tests. # r 

The period of maximiAii maturity is again postponed 
wtah the natural sand; indeed, there is a steady gain 
.throughout the whole of the periods <$f tests. That this 
grfin is relatively small, however, may he better seen from 
Table IT., in which all the results have been proportion- 
ately reduced so that the tests at six months are repre- 
sented by the figures 100, and all the other tests of the 
same mix reduced in the same proportion. 


Table IT. — -Proportionate Tensile Results at 
Different Periods. 


Age o! Samples 



Seven 

Days 

Twenty 

eight 

Day's 

NeatCenieft ... 

38 

101 

Standard Sand. 

2 and I 

76 

98 

Natural Sand, 

2 and l ... 

.65 

| 

85 

Standard Sand. 

3 and l (t ... 

j 66 

96 

Natural r Sand, 

3 and 1 

1 

80 j 

82 

« 


( * 


Three 

Months 

Six 

JJonths 

: Twelve 

Months 

* 

Two 

Years 

97.5 

100 

; 102 

98 

102, 

100 

: 

98 

96 

94 

100 

105 

no 

102 

loo i 

97 

93 

97* 

100 

100 

109 
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Neat cements, are * therefore, practically as strong at 
twenty-eight days as at two years, while of concrete piix- 
tures*the natural sand samples show/nere steady increase. 
For thl first three ninths the increase woijld Be from 25 to 
50 per qgnt. of the seve,p days' test; the second three 
inenths may luring •about m increment of $ or 6 per 
cent., or in some cases none at* all, while aftee she months 
the quarterly periods will probably see an increineiu of 
1 or *4 per cent., or may even show retrograde nibveinefct 
in the* hardening process. # 

A further study of the figures in 'j'able T. wilfshow that 
there is a much more satisfactory way of hardening oon* 
Crete than by ageing. The natural sand tests, which jp*e 
assumed to approach more nearly to aerial practice than 
do the others, show that at three months a 2 to 1 mixture 
is as strong as a leaner 3 to 1 mixture at twelve months, 
and has the advantage that the increased strength is per- 
manently retained. Jn the manufacture of paving slabs 
and reinforced concrete beams it will probably be found 
that strength can be more economically obtained by in- 
creasing the Portland cement content and shortening the 
period of maturity. "By this means the concrete is as strong 
or stronger than the low cement and older samples, and 
lias the additional advantage that the short-period concrete 
will continue gaining strength where the older material has 
perhaps attained its maximum. 

Some results of investigations as to the relation which 
the propprtion of cement hears to the ultimate strength 
of the concrete have t>een published in “ ('intents it Chaux 
Hydrauliques^* In Table III. are given the results of ten- 
sile tests, at one year, of briquettes containing varying pro- 
portions of cement to one volume of sand. Thesft results 
represent the average of a very large number of tests, and 
the proportions of cement given in the first column were 
taken by weight, assuming the sand to weigh 100 lbs. per 
cubic foot. For convenience of comparison, columns are 
added in which the most advantageous strain is repre- 
sented by the figure 100, and all other results reduced pro- 
j)oi*tionately. Within certain limits the stfength of 
sand and cement concrete varies practically wijli the 
amount of cement used, and the addition of, say, 10 
percent, of cement will probably increase the strength 
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in a like pi*o|K>rtiun For instalice, a reference to 
TabJje ]II. shows that if 100 parts of cement give a tensile 
strain proportionately re^re tinted by 100, the addition of 
*25 parts of cement increases the tensjle Rtrain to 123, and 
similarly 219 parts show a proportionate result in sforen^th 
of 212, or practically in (Jirec^ proportion to the proportion 
of cemenfc u^ed. This is nearly true of the tensjje strain, 
while as regards crushing strair^the advantage of the richer 
npxturetf is even more pronounced. For instance, upon 
referring to Table 111., it yrill he seen that with the pfo- 
]>ortion of .5 cement, oy, say, 2 and i sand and cerdent, the 
tensile strength ceases to maintain its proportionate in- 
crease, although it still increases its strength with richer 
mixtures, 
c 

Table 111.— Tensile and GursniNo Stbains ok 
Concuete One Yeah Old. 


Volume: 

'Pen silo 


Proportion of Equivalents 

of 

Strain 

Crushing 




Cement 

lbs. 

Strain 




in 1 of 
Sand 

per 
s(|. in. 

lbs. 

( Vment 
Volume 

Tensile 

Crushing 

.150 

21 2 

1730 

71 

05 

58 

.218 f 

hi 

2080 

loo 

100 

100 

.2 So 

455 

4020 

125 

129 

155 

.545 

4 00 

5580 

151 

145 

187 

.4 

m 

5820 

175 

170 

105 

.5 

7i:i 

7750 

210 • : 

21? 

200 

.025 

707 

7070 

274 

228 ! 

! 250 


o 



Compression and Transverse Tests. 

chapteR x t \m. 

Following tho impetus given to the consumption of 
Portland cement for the purposes of concrete construction 
generally, and reinforced concrete in particular, the in- 
terest in the (jiiestion of compression tests for concrete 1ms 
of late \eurs been considerahh strengthened. 

Until the advent of reinforced concrete, the poorest of 
mixtures could generally he relied upon to withstand any 
reasonahle compressne stress to which its use would he 
likely to render it subject. The source of weakness in the 
material which had to he guarded against was then its 
tensile strain, and inasmuch as the compression strength 
of cement was known to be far in excess of its tensile 
strength, there was ver\ little call for a test \^hich wiis 
seldom necessary and difficult to apply. 

in the matter of neat cement tests the tensile strain is 
still the one upon which reliance is placed in ascertaining 
the quality \>f the principal ingredient of the concrete. It 
is rarely necessary to determine tin* compressive strength 
of neat cement, as such a test would give no indication of 
the quality of the concrete which is to he used in a specitic 
work. There are so many factors which determine the 
strength of this material that the only tests of value must 
be made with the actual ingredients which will be used in 
the work to be carried out. As Tar as pi^sible it is also of 
importance that the damping and mixing of the ingre- 
dients should he conducted precisely as will qecur in the 
work for which the concrete is to he used. # 

Crushing tests may he taken with one or other of the 
ordinary briquette testing machines, provided with com- 
pression jilates. The illustration shows an Attachment 
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* which may l»e used for a compression test with Fairbanks 
tensile testing apparatus. The capacity of such an 
arrangement is, hotveVer, li tinted, and. for larger cbes of 
four and six inch sides a s]>ecial crushing machine -is gene- 
rally used. Although rarely carried out in this country by 
cement manufacturers, the test for compression or crush- 



Fairbank’s Tensile Testing Machine. 


ing is commonly- performed in factories on tlie Continent, 
a block of cement and sand being used about 2| inches 
by 2$ inches by 2 : }■ inches, and prepared in a similar way 
to the briquettes. 

In ordej’ to secure uniformity in the results of test- 
ing by compression v it is preferaMe to make use of some 
mechanical process for the preparation of the tpst blocks. 
Care must be exercised in arranging that the pressure be 
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even all over th.$ test block, and, consequently, its two 
faces^hould be well trowelled and* smooth, and jill sand or 
grit removed. 

The preparation oRtest blocks for compression is carried 
out on tlfe Continent l>v well mixing 14 o/.s. of cqment with 
42*ozs. of dry standard sand.* To # tlus is added 100 c.c. of 



Attachment for Comi*rkbkion Test with Fairbanks Testing 
Machine. 

'dean water ,• and tli* mortar well stirred. Assuming that 
these proportions be adopted, take about 30 ozs. of the 
mortar and fill into a cubical mould under pressure. 

After the preparation of the block by this process, well 
trowel the tw T o faces, and put aside to set for a period of 
24 hours, after the expiration of which time, place the 
blocks in water. The immersion lasts until the test takes 
place, and each block must he Jtested immediately it is 
taken from the water. * 

The Standard machine for carrying out the compression 
tests is a hydraulic apparatus by Am si er-La ffon ,* jof Schaff- 
h ausen , Switzerland . 

The machine tests up to 60,000 lbs. compression! 

In testing the cement cubes by this i«strument # the lower 
compression plate rests with a spherical surface on the 
piston contained in the main cylinder. The upper com- 
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pression plate just touches the flat end of the screw spindle, 
which is only used to sot the distance between the plates 
to the size of the hloclv. f 



Amsleji-Laffon Apparatus foi^ Compression Test. 


During the test the upper plrfte is at rest, whilst the lower 
plate is raised by the piston pressing upwards under the 
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action of oil coming from the pi ft tiger pump, which is 
driven by a liandre shown at the right of the illustration. 

Thft pressure of oil in the mail? cylinder miHtiplietf by 
the sectional urea of *t he jiiston is equal !o the strain on the 
specimeft block, provided that the pistons move without 
friction, and this lm.^heefi arranged in Hie construction of 
the apparatus. • , 

The oil also assists to lubricate and ^ightenafhe 
piston. 

Tlu^ pressure exerted acts at the same time upon 
thin pisron transmitting its nftvement to a lower piston 
which jaishes the mercury into the fran spa rrtit tube of the 
gauge on the left of the machine. The mercufv rises here 
to such a height that.the pressure of the column of mercifi’v 
balances the pressure of the jiiston. * * • 

Tn this way, the list* of mercury is. a means of measuring 
the pressure of the main points. 

The accuracy of the results rend off the gauge depends 
only on the proper working of the jiistons iu their cylinders. 
This can be controlled at any time by moving the jiistons 
with the band and observing that all mo\e smoothly. As 
there is neither stuffing box nor other lining for tightening 
the jiistons, the friction will be smaller rather than greater 
when the machine is loaded, because of the slight widening 
of the cylinders. 

The machine will improve b\ frequent use it* conse- 
quence of the wear of any roughness on the cylinders and 
pistons. 

As regard t| accuracy, the machine is, at least, equal to 
any good lever machine ; in resjiect to wear and tear, it is 
almost indestructible. 

No special foundation is required for the marline, save 
only that the floor should he strong enough to carry (la* 
machine safely. 

An English machine for carrying out this test lias been 
placed on the market by Messrs. ^W. G. Bailey & Co., 
Ltd., of Manchester, and is here illustrated. This is a 
hydraulic press in which the load is increased by a screw 
plunger worked by hand. The cube is fixed tight between 
the compression jilates by the adjusting s^rew shown, 
which is also worked by hand. The load on the sjjeeimen 
is given at once by the position of Jtlie pointer of the 
pressure gauge, which is arranged to retain its maximum 
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position after the specimen has failed by crashing. The 
fluid used in this machine is glycerine or dfil. 

As previously explained, a very important point«to he 
noted in testing <*\ilX*s hv compression is y» e manner in 
which the specimens are bedded on the compression plates. 
It is necessary that the (tystribntidn oh the load oveV the jop 
and hott<jm surfaces Of the bWk should be* qiiit^ uniform. 
TIk most satisfactory way of bedding the cubes is by 
using plaster of Paris. The plaster is laid to a thickness 



koh Com prkhsi on Blocks. 

of about a quarter of an inch on the plates, which should 
he oiled to prevent the planter sticking. The block is 
bedded on the plaster before the latter is set, and the test 
may he taken about ten minutes after both top and bottom 
faces of the cube have been so treated. 

The shape of the fractured specimen is the usual one of 
1 two more or less perfect pyramids joined together at the 
apex. ' * 

Neat cement tested after seven days may 6e expected to 
provide ? crushing strain of 5,000 lbs. per square inch, and 
about 0,000 lbs. in 28 days. The strains which result from 
a mixture of cement and sand, or cement, sand, and stone, 
vary within very wide limits with the following con- 
ditions : — 

e 

The amount <Yf water used in mixing. 

The thoroughness with w hich the mixing is conducted. 

The aqtount of cement used. 

The size a<nd shape of the grains of sand. 

The‘hardness, shape, and size of the stone forming the 
aggregate*. < ‘ 

The age of the specimen. 
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[n ordinary commercial machine-mixed concrete made 
with four parts by measure of crushed hard rock or gravel* 
wliinh will pass through a one-inch sieve, two pgrts of rlcnn 
sand «nd oii£ part gement, a l*rusliiiJg strain v f from 2,400 
to 3,000 lbs. per sqAare inch would he obtained in one or 
two months. 

Hard limestones, trap rod?, or crushed granite form suit- 
able aggregates, so far as compressive strains «tre concerned. 



iiAiLKv’s Testing Mach ink foh ('oMruKssioN ( 'chks of ('emknt. 


Gravel also gives satisfactory results, all bough the fact that 
gravel lacks the sharp, angular formation of crushed stone 
may cause it to gi\ e inferior results in short-time tests. 
Many concrete engineers of ex])ericnce regard gravel as 
giving quite as high results in compressionVas cruslied 
stone, notwithstanding its rounded and smofltli fo^in. 

A mixture of sand and cement in equal proportions, 
tested after two and a half years’ sorting, has been found 
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to crush at 11,330 lbs. per square in*h, while a 2J and 1 
' mixture at the same age gave a result of 8,«i 10 lbs., accord- 
ing tb testsitaken at tjhe AVavertown Arsenal, U.S.A.* 

Among the. highest k\sults obtained iio ordinary commer- 
cial concrete an* those advertised by the various imrkers of 
paving slabs in Knghmd. £ Alost ol the. slab manufacturers 
publish pi;pperlv authenticate)! tests, giving strains from 
8, 0(0, lbs. peV square inch to nearly 13,000 lbs. at three 
months. 0 These results were obtained in grunite concrete 
consisting for the most part of jj-inch chipping and echneht 
in the proportions of and l^or 3 and 1 . The concrete is ob- 
viously faetory«mnde, jAkI jnaehine-mixed, and such high 
results cannot be looked for in work carried out /w situ. 

Some tests are Ihtc given of concrete as list'd in connec- 
tion with the King’s Dock, Swansea, which afford a 
clearer idea of the results obtained under ordinary con- 
ditions in ci\il engineering work. 


Tath.b ok Tksts m\dr with (VlJK.S 
Suck ok Thst 


Description 


1. Notary kiln cement — 

Aggregate, granite chippings 
and i'jarne sand. Average 
of six tests 

Notary kiln cement — 

Average of two tests 

Aggregate, natural fine gravel 
and Oarse sand. Single 
tests ... 

3. Ordinary kiln cement - 

Aggregate, natural line gravej 
and coarse sand. Average 
of two tests 


ok 1 : 1 7 : 22 Conckbtr. 
Blocks -- G r\. (Yhk. 


Crushed at 


Weight 

Age 

“ 

Per aq. 
inch 

Per sq 
foot 

Lhs. 

Months 

1J,.S. 

Tons 

i IS.S5 

3 

3,08.1 

237.0 

( IS 73 
\ 1 S. 72 

(5 

3.998 

2.17.1 

1 ) 

U«7 

287.3 

( 1(1. (10 

% 3 

2,!>07 

161.2 

1 1(1.30 

(5 

2,453 ! 

157.8 

f 1(1.153 

1 

9 

i 2.972 

191.1 

£ 1.1. 83 

9 

1,940 

124.8 

! 

| 

') 15.02 
! - 15.33 ; 

3 

1,182 

76.0 

0 

1.440 

92.6 

’ 1 15.55 j 

9 

1.541 

f 99.1 


In practical reinforced work there should be no difficulty 
in securing that the concrete will sustain a crushing stress 
of 2,400‘lbs. per sq. inch, and on this basis the rules of most 
countries 4 and governments require that the working 
stresses on concrete shall not bxceed 000 lbs. per square 



TRANSVERSE TESTS. 


345 


inch in beams and 5CM) lbs. in columns to provide an ample 
margin of safety. 

With a good cement and ordinary, wire there should toe no 
danger in w^rking«U> these figures. * * 

An instance of thd strength of concrete made from rotary 
kjln cefrient may lugre 1A* cited as of interest. .During the 
demolition of % concrete waif in connection witli # the Stock- 
port water scheme a portion of the concrete teas set^wide, 
and handed c*er to testing^experts for exanynntujp. Dubes 
\^ero*cut from the sample and tested, the average of Hie 
tests showing -1.150 lbs. per iqimrc inch, and.the highest 
l>eing 5,030 lbs. The concrete about* two years old, 
and was made with limestone cliippings*0 and 1 , and 
formed part of the.ordinary contractor’s work as provided . 
for a concrete dam. The samples wen* obtained hv blast- 
ing. . • 

The ratio between the tensile and crushing strains 
of concrete is not invariably constant. The compressive 
strength increases more rapidly with age than does 
the tensile strain. At two months the ratio of compres- 
sion to tension is about 9. At six months it would increase 
to 10, and at twelve months to 10], according to results 
published by Johnson in “ Materials of Construction.” A 
similar increase* in the ratio with richer mixtures is also 
noticed b\ Candlot, who published in “ Ciments et Ohaux 
Tiydrauliqucs ” the results of. tests of ceincnj mortars 
which showed a ratio of compression to tension of from 7.2 
to 10, varying with the richness of the mixture, and being 
great of wi^h richef mixtures. We give below an extraA 
from these tests converted from the metric svstem. 


RATIO OF ('OMHtEKSION To TENSION WTTTT V \RYI\O MlXTFRFS AT 

12 Months’ Maturity. 


Lbs. of cement. 

Tension in 

| Compression 

j Ratio 

]K*r cubic yard of 

tbs. per sq. 

| ill lbs. per sq. 

1 Compression 

sand 

! inch j 

inch 

Tension 

2.10 

70 

307 * 

7.2 

420 

212 

1.730 

8.1 

r»ao 

337 

2.980 

8.8 

730 

433 

4,020 

9.2 

930 

490 

3,380 • 

11.4 

1,100 

394 

3.820 

9.8 

1.330 

713 

,7.730 

10 9 

1,7(10 

•_ 

707 . 

7,u70 

10.0 
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Transverse Tests* — Although^ little is *at present 
.heard from cement manufacturers and engineers respecting 
the t/ansverse tests of Portland cement and concret?, it 
must he admitted that this test is extremely useful in, Allow- 
ing the hardening of cements between the final setting time 
and the usual periods for ascertaining their tensile strength. 
The cement maker has found the tensile strength test' a 
convenient one to adopt at his works, where apparatus has 
been installed for taking the test. 4 . The engineer, now that 
reinforced concrete lias become more general, has natural^’ 
a somewhat greater interest* .in the crushing test, at least 
so far as the testing of concrete is concerned. 

The transverse test has, therefore, not received sufficient 
consideration, although for many years it, has been held in 
esteem by clerks of works and others having the actual 
supervision and practical experience of concrete work. The 
chief reason, perhaps, is due to the ease with which such 
a test can he conducted on the works, and the latitude it 
allows in the wav of varying dimensions of the specimens 
to he tested, hut little information is available as to the 
further utility and results of the transverse tests. 

In many eases, however, the transverse test is the only 
available method of testing, particularly with regard to con- 
cretes containing large size aggregate. A tensile test of 
one square inch in the usual testing machine is clcurlv im- 
possible, vy'hilo a crushing lest involves the use of expensive 
apparatus. 

A great advantage from the transverse tests is that a very 
simple arrangement of two knife edges upon which ihe bar 
is to rest, together with the means of applying 'the load to 
the centre of the bar, can be made to give reliable results. 
]n the case where the weights applied are multiplied by a 
lever arrangement, care should lie taken that the load is 
applied quite perpendicularly and at right angles to the 
axis of the bar. 

The relation which the modulus of rupture or extreme 
fibre stress hears *o the tensile strength of the material is 
somewhat inconstant. The usual formula : — 

F = 3W1 
2l.d 2 

gives mguer results tjhan could be obtained by the direct 
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tension test, and general experience would point to F re- 
presenting from one-and-a-liali‘ times to twice the actual 
teniile ‘strength. 

The relation between th<* transv^rst* test a/id tensile test 
of a given sampled varies as much with regard to con- 
dition! as does the, relation between the tensile and crush- 
ing testa. The modulus ol* rupture may, however, be ex- 
pected to hear a proportion of from 1.5 to tvfice the^#nsilo 
strength as®previouslv iffentioned, with tju* bar of neat 
^m?mt to ho tested, given a span of five and one-third 
inched with a cross section ottwo inches square. 

It will he seen from the fornyihJquoted that the breaking 
wight applied at the centre of surh*a bar will he the same 
as the extreme tijire stress of the specimen, and that a, 
weight of 0(M) lhs. applied would denote a stress of 000 lhs. 
}>er square inch on the specimen. A multiplying fever 
would be required with these constants, and in some eases 
it would he found more convenient- to provide a longer 
span, and thus reduce the weight necessary to break the 
specimen. 

In testing concrete the section of the bar must depend 
to a large extent upon the size of the aggregate used, so 
that it is not possible for any large piece of stone to take 
up a considerable proportionate area of the point under 
tension. 

In the ordinary way transverse tests at shorj dates are 
somewhat unreliable unless ascertained hv a carefully- 
prepared tester, and particularly is this so with regard to 
concrete yiixturo|, and whore variations of moisture afld 
heat prevail. The bars an* often immersed in water for a 
seven-day ^est to secure as much uniformity as possible, 
although at earlier dates and during the hardening of neat 
cements the transverse test is most valuable, providing a 
suitable apparatus is available. 

A number of American tests, given by Sabin, show 
results in transverse strength with bars of the dimensions 
mentioned previously of from l,100#to 1,300 lhs. per 
square inch at different periods as compared with 588 to 
733 lhs. tensile strain. # 

A large number of tests have been igade from time 
to time with bars of neat cement of one sefuare inch 
section on a span of 0 inches, tf*> Jiars being 8 inches in 
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'length. An average breaking weight «f 91 lbs. ‘applied at 
the centre which was obtained would denote a theoretical 
fibre stress of 819 lbs. ^ur square inch, as compared wifrh a 
tensile strength of 430 fhs. f >e'f' € square irch oty;ained«from 
the same cement. This result represents about 1.8*times 
flu 4 tensile strength,, and agrees \fith ,the previous tesj 
quoted. It was foimd«from file experiments then made 
that l‘s»rs of mV it cement made with “20 per cent, or w T ater, 
8 inches l^ng apd 1 inch square* in section, bore a weight 
of <vne-fifth of the specified tensile strain without breaking 
after seven days’ immersion*m water. The span bf the 
liars was 0 indie*. 1 t 

It has been*- suggested that a transverse test should he 
•incorporated in cement specifications, jnd that this test 
would appear to hate a greater sphere of usefulness in the 
testing of mortars and concretes, whose composition makes 
them unsuitable for making up into the small briquettes 
necessary for subjecting to the tensile test. In this con- 
nection the transverse test will certainly be found of value. 

The test, however, lias another important sphere of use- 
fulness, and this was referred to in a preceding chapter 
on the setting of cement. 

It has been stated that the difference in the times of 
setting, and of the ultimate hardening of numerous cements 
produced by the rotary kiln to-day, is a factor that must be 
correctly tyid surely gauged by extensive cement users so 
as to a void untoward consequences in concrete work due to 
the delay sometimes experienced in the hardening of con- 
cVHes after being placed in position. , , f 

It is, for instance, far more important for the contractor 
to know how long he might work his cemeftt without 
damage tluyi how long it takes to obtain a certain arbitrary 
tensile strength. 

The difference in the times of hardening of various 
cements can be accurately gauged by the use of 
the testing machine as devised by the author and the re- 
sults of such testsoipon many cements at present on the 
market explain in what way the transverse test demon- 
strates the hardening of cements at early dates and the im- 
portant beurm&this lias upon the strains to be applied to 
“ green v concrete made with certain slow hardening 
cements. These tests should all h^ 1 made with the neat 
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cements, for jfc is assumed that in appraising the setting 
anihhardening qualities of the cetiieyt to be used the Results 
from^tlie n^it cement will^Iot be ^mTteriaUy altered other 
than in proper rati<§, by the addition of aggregates used in 
tlie milking of eonqretcS with such cements. • 

The study ftuf neat transverse tefcts shows, fyr instance, 
the tin® and dates at which the hardening of #jrtain 
cements oan«be stated to Have arrived at maturity, and this 
* important information in the uses of cement in vie\f of 
the setious results whieh mfv arise from an •inordinately 
slow setting or slow hardening lament being employed; 
and by the mistake of using a quick-setting dement which 
has been re-mixed jn use, and which in such a case dot*S not* 
again set or harden until the remefit or concrete Jms 
thoroughly dried. 

Jn both the tensile and compression tests a certain result 
will be obtainable before the cement can be said to have set 
bard, whilst in its ” green ” state and again at the early 
hours of the test, such as immediately after the final set, 
no hardening results are obtainable, for the test blocks will 
not bear any strain. In the cast* of the transverse tester 
here devised, the results are ascertainable immediately 
upon the final setting of tins cement, and a quantitative 
test of the hardening properties of neat cement, and cement 
and sand bars, shows exactly the results that jyay be ex- 
pected in the setting properties of the cement in use before 
tensile and compression tests are applicable. 

It lifts been seeq that the information given by this test, 
and its individual value, cannot be obtained by any other 
test now inP vogue, such as for instance by tensile strength 
or compression, because in these tests no earjy time re- 
sults, say, during the final setting and hardening of the 
cement, can be obtained by the apparatus. 

For carrying out the transverse test special apparatus 
lias been devised and in executing the test a useful 
specification . for the preparation #of test barsds as 
follows 

General.-— The bars shall be 0 inches lopg by 1 inch 
square. When the test-bars are gauged tj le same are to 
be marked with the trowel at the point indicated on the 
mould where the knife-edges of % testing machine are 
placed. .The stress shall be applied on the rough surfaces 
of the bars — not on tire surface which*has been trowelled. 
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' Neat Cement Bars.— F or the preparation of each bar 
200 gfamm&s of cemert shall be mixed with fresh water, 
and the temperature*' thereof &pd that of the ^estingiroom 
shall he from 58° to (14° F. The quantfity of water used in 
gauging shall he appropriate to th£ nature of the c&men£. 
and shall hf so proportioned Unit the mass when gauged is 
of a Su’ni-dry consistency (from 35 c.c. to 50 c.c. of water 
is to he uretl, that is, 17.5 to 2£> per cent.). <The cement 
wlfen gauged as above shall he filled into the mouldfe. bt 
thumb pressure, the mould tasting on an iron plate. All 
the cement gauged shall pressed into the mould. When 
the cement Infs set sufficiently hard to enable the mould to 
r be removed without injury tothe bar, su/*h removal is to be 
effected . The liars 1 shall then remain in the atmosphere 
until required for breaking. 

Sand Bars (3 plus 1). — The cement shall also be tested 
by means of bars prepared with three parts by weight of 
dry standard sand and one part cement, the said bars being 
of the size and shape described for neat cement tests. The 
mode of filling the moulds shall also be similar. The 
weight of dry standard sand to he used is 150 grammes, and 
this is to he thoroughly mixed when dry with 50 grammes 
of cement. The proportion of water shall he appropriate to 
the nature of the cement, and so proportioned that when 
gauged the mass is of a semi-dry consistency. From Jf> c.c. 
to 2*2 c.e. water shall he used — that is, from 8 to 11 per 
cent. The whole of the above mixture is to be pressed into 
tfie mould, and then removed and rested* in the {jtnidsphere 
until tested. 



.Note. — This Specification defines the standard quality rtf • 
cement mid various matters rekitivc thereto , but does 
not include the provisions necessary for a contract for * 
tlm sale or use of cement . 

BRITISH STANDARD SPECIFICAJION 

* • FOR • * 

PORTLAND CEMENT 

["Revised 1920.] 

1. Composition and Manufacture pi Cement.— 

The ('omen t shall he nmnufactflred hv intinyitely mixing 
together calcareous and argillaceous materials, burning 
them at a elinkrrin£ temperature and grinding the result- 
ing elinker, so as to produce a cement capable of coiuplyfhg 
with this Specification. 

No addition of any material shall he made after burning 
other than calcium sulphate, or water, or both, and then 
only if desired In the Vendor * and not prohibited in writ- 
ing by the 1’urchnscr. 

No cement to which slay has been added or which is 
a mixture of Portland cement and slag will comply wit! 
this Specification. 

2. Samples for Testing and by whom to bf 
taken. — A sample or samples for testing may he taken by 
the Purchaser or his representative, or by any person ap- 
pointed to superintend the works for the purpose of which 
the ceiyent is required or his representative, or by any 
expert analyst employed or instructed by such Purchase! 
or person, pr the representative of such Purchaser oi 
person. 

3. Samples for Testing and how to be # taken.- 

Each sample for testing shall consist of approximate!; 
equal portions selected from twelve different positions ii 
the heap or heaps when the cement is loose or from tw r elvi 
different hags, barrels, or other jwkagcs, when the eemen 
is not loose, or where there is a less nuihber titan twelvi 
different bags, barrels, or other packages, then from eacl 
bag, barrel, or other package. Every care shall be takei 
in the selection , so that a fair average sample fnay be taken 

* the term “ Vendor ” throughout • tiis Specification Bha] 
mean the feller of the Cemeut whether he be the manufacturer 
of the Cement or not. • 

m 
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* 4. Sampling Large Quantities.— When more than 
250 Vons of cement is totbe sampled at one time separate 
samples shall he taken', as pFoyided in Clause*!, from each 
250 tons or part thereof. 

Not more than ‘250 tons shall he stored ».n such a manner 
that it cannot he separately identified and sampled m 
accordance vl’ith the provisions of this Clause and Clause 
3, and separated in hulk from ihe remainde ■, e.y., in the 
event of storage of more than 250 tons of cement in d si\>, 
provision shall he made hy 'vvliich each 250 tons,* or any 
part of 250 tons in excess thereof, shall lie isolated from 
the remainder, and sampled at different levels. 

5; Facilities for Sampling and Identifying. - 
The Vendor shaft afford every facility, and provide all 
labour and materials, for taking and packing the samples 
for testing the cement and for subsequently identifying the 
cement, sampled. 

6. Cost of Tests, Analyses and Samples. —The 
tests and chemical analyses hereinafter mentioned, other 
than those referred to in Clause 15, shall (unless otherwise 
provided in the contract between the Vendor and the Pur- 
chaser) he made at the expense of the Purchaser, hut no 
charge shall he made In the Vendor for the cement used for 
samples or for carriage thereon. 

7. Terts.-The sample or samples shall he tested in 
the manner hereinafter mentioned for : 

(a) Fineness. 

( b ) Chemical composition. 

(r) Tensile strength (neat cement). 

(d) ,, ,, (cement and sand). 

(r) Retting time. 

(/) Soundness. 

And before any sample is submitted to tests (c\ UJ) 
and (/), it shall he spread out for a depth of 3 inches for 
24 hours in a temperature of from 58 to 04 degrees Fahren- 
heit.* 

8. Test for Fineness. — The cement shall comply 
with the following conditions of fineness : — 100 grammes 


* The temperatures stated are applicable to temperate climates. 
In other climates special arrangements between Vendor, and 
Purchaser must be niude unless tfte temperature herein stated 
can he artificially obtained in the lhboratory or other place where 
the tests are made. 
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(or say 4 ozs.) of cement shall be continuously sifted for 
a period of 15 minutes ( on each of the undermentioned 
sieves and m the or Jef of secession given below with the 
following results : — f , u r J* 

(1) Tl?e residue on a sieve l^U x 180 =^32,400 ^ meshes 
per square inch, shall not exceed 14 per cent: 

,^(2) Th e 1 * residue on a sieve 76 x 76— 5,77 j meshes 
per square inch, shall not exceed 1 per cent. 

' Air-set lumps in the samples may be broken dowir, wjtli 
the fingers, but nothing sl/vill be rubbed on the <sieve. 

The sieves gliall be., prepared from wire-cloth and the 
diameter of ,*ho wire for uio 8*2,100 mesh shall be .0018 
inch and for the 5,776 mesh, .00-14 inch. The wire-cloth 
{■ihall he woven (not twilled), the cfotli being carefully 
mbunted on the frames without distortion. 

9. Test for Chemical Composition. - The cement 
si in 11 comply with the following conditions as to its chemical 
composition. The proportion of lime, after deduction 
of the proportion necessary to combine with the 
sulphuric anhydride present, to silica and alumina 
when calculated (in chemical equivalents) by the formula 
CaO 

" SiOs + AljjOa 

shall not he greater than 2.85 nor less than 2.0.* The 

* Example.— In the ease of a cement containing 63.28 per cent, 
of lime, 21.6 per cent. of silica. 8.10 per cent, of alumina, and 
2.00 per coni, of sulphuric anhydride, the proportion ol lime, after 
‘ deduction of the proportion necessary to combine with the sul- 
phuric anhydride present, to silica and ‘alumina would be as 
follows 

Molecular weight of Lime ... rr 50 

{ Silica ... sr 00 

,, „ ,. Alumina ... 102 

,, „ , Sulphuric Anhydride = 80 

lame combining with 2.00 per cent, of 

Sulphuric Auhvdride s=~ - 1 -’ — 1-40 per cent. 

(i v 3.28 - 1.4b = 61.88 per oent. Lime 

Lime (CaO) = - ].]Q 

no 

Silica (SiOJ * 0.36 

AknAna(Al a O ;1 )=^~ =0.08 

u., CaO . 1.10 

ieU Si0 3 -f AljOa * 0 38+0.08 = 


2.50 
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percentage of insoluble residue shall not exceed 1.5 pes 
Uen t » °f magnesia shall nyt .exceed 3 cent#; and 
the total sulnhur content calculated aft sulphuric anhydride 


L wo Inf. . j 

f"i5lKemmT 1 




Elevation and Plan of Jaws for holding Briquette. 


(S0 3 ) shall not exceed 2.75 per cent. The total loss on 
ignition shall not exceed 3 per cent. * 
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10. Test for Tensile Strength ‘(Neat Cement).— 

The breaking strength of neat cement shall be ascertained 
from ‘briquettes of f the shape shown. The briquettes , 
shall be prepared in the following marker : — * , * 

Preparation of Briquettes. — Th^cement shall be«inixed 
with such a proportion pf <watar that the mixture shall be 
plastic when filled into the moulds used for foraging the 
briquettes. n 

^he ceihent, ‘gauged as above, shall be filled into mculcls 
of the form required to produce briquettes of the« shape 
shown, each* mould rest^ig upon a. non-porous plate. In 
filling the mqufds the operator’s hands and tlie blade of 
the ^ordinary gauging trowel shall alone be used. 
‘The trowel shall weigh about 7£ ozs.' No ramming or 
hammering in any form will be permitted, nor shall any 
other instrument or apparatus other than the trowel 
before described be employed for this operation. The 
moulds after being filled may be shaken to the extent 
necessary for expelling the air. 

(‘lean appliances shall be used for gauging, and the 
temperature of the water, and that of the test room at 
the time the above operations are being performed, shall 
be from 58 to to G4 degrees Fahrenheit. 

The briquettes shall be kept in a damp atmosphere for 
24 hours after gauging, when they shall be removed from 
the moulAs and immediately submerged in clean fresh 
water and left there until taken out for breaking. The 
Water in which they are submerged shall be renewed every 
seven days and shall be maintained at a temperature of 
between 58 and G4 degrees Fahrenheit. Aftey* they have 
been so taken out and until they are broken the briquettes 
shall not be allowed to become dry. 

Breaking . — The briquettes shall be tested for breaking 
strength at 7 and 28 days respectively after gauging, six 
briquettes for each period. The breaking strength shall be 
the average tensile breaking strength of the six briquettes 
for each period. The briquettes to be tested shall be held 
in strong metal jaws of the shape shown, and the load 
shall be steadily and uniformly applied, starting from 
zero, and increased at the rate of 100 lbs. per square inch 
of section in 12 seconds. ♦ 

The breaking strength of the, briquettes at 7 days after 
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» a 1 • 

gauging shall be not less than 450 lbs. per .square inch of 
section. , < . « 

The breaking strength of the briquettes at *28 days , after 
gauging shall show an increase 4 on thef breaking stiy*ngtl) 
at 7 days, anfl shall be not less tbanrtbe ( nupiber of pounds 
per square inch of section* 4 arrived at from the following 
fornud^ : — 1 

■d i ■ , x l. i n i , 40,000- 

Brefkmg slrengthat 7 days + Bn)aking strength ftt ? ^ 

. P * 

11. Test foj* Tensile Strength (Cement and 
Sand). — The freaking strength of cement and sand shall 
be appertained from bricjnetteK also of the shape shown. 
The briquettes shall be prepared in * the following 
manner : — 

Preparation of Briquettes. — A mixture of cement and 
sand in the proportion of one part by weight of cement to 
three parts by weight of the standard sand specified on 
page 300 shall be gauged with sufficient water to wet the 
whole mass throughout without any excess of water being 
present. 

The mixture gauged as above shall be evenly distributed 
in moulds of the form required to produce briquettes of 
the shape shown, each mould resting upon a non-porous 
plate. After filling a mould a small heap of the mixture 
shall be placed upon that in the mould and patted down 
with the Standard Spatula shown until the mixture is 
leVel with the top of the. mould. T|hs last operation 
shall be related a second time and the mixture 
patted down until water appears on the surface ; 
the flat oi\ly of the Standard Spatula is to be used 
and no other instrument or apparatus is to be employed 
for this operation. The mould after being filled may he 
shaken to the extent necessary for expelling the air. No 
ramming or hammering in any form will be permitted 
during the preparation of t'he briquettes, which shall then 
he finished off in the moulds by smoothing the surface with 
the blade of ,a trowel. 

Clean appliances shall be employed for gauging, and the 
temperature of the water and that of the test room at the 
time the above operations are performed shall be from 
58 to 64 degrees Fahrenheit < 

The briquettes shall be kept in a i damp atmosphere for 



•BRITISH STANDARD SPKCiJ’K.'ATlON 359 

* • • 
24 hours Sfter gauging", when tlfby shall be removed from 
the moulds atid immediately submerged in clean fresh 
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Standard Spatula. 


water, and left there until taken out for treating. The 
water in which they are subn^er^ed shall be renewed 
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every seven days, and inaintained at a temperature of 
between 58 and 64 degrees Fahrenheit. After they have 
been so taketi out amj hntfi they are broken the briquettes 
shall not be allowed to become* dry. 

Breaking . — The briquettes shall f be tested tor breaking 
strength at V and 28 d^ya respectively' after* gauging, sk 
briquettes for each period. The breaking strength<ahall be 
the average tensile breaking strength of the sjx briquettes 
for^ach pferiod* The briquettes to be tested shall bc t hel$ 
in strong metal jaws of theydiape shown, and thp load 
steadily and’ uniformly applied, starting from zero, and 
increased at tbeVate of KKKbs. per square inch of section 
in seconds. 

* The breaking strength of the briquettes at 7 days after 
gauging shall be not less than 200 lbs. per square inch of 
section. 

The breaking strength of the briquettes at *28 days after 
gauging shall show an increase on the breaking strength at 
7 days and shall be not less than the number of pounds per 
square inch of section arrived at from the following for- 
mula : — 

Breaking atrengtl. at 7 day»+ at 7 days. 

Standard Sand . — The standard sand shall he obtained 
from Leighton Buzzard, be thoroughly washed and dried, 
and Bhall pass through a sieve of 20 x 20 meshes per square 
iqch, and be retained on a sieve of 30x30 meshes per 
square inch. The sieves shall be prepared from ivire-cloth, 
the wires being .0164 inch and .0108 inch in diameter 
respectively. The wire-cloth shall be woven (not twilled), 
the cloth bping carefully mounted on the frames without 
distortion. 

12. Tests for Setting Time. — Unless a specially 
quick setting cement is specified or required, it shall have 
an initial testing time of riot less than 20 minutes and a 
final setting time of not more than 10 hours. 

If a speciplly quick setting cement is specified or re- 
quired, it slfall ^ave an initial setting time of not less than 
2 minutew and a final setting time of not more than 30 
minutes. 
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Vicat N*eedle Apparatus.— Thi initial and final setting 
times pf the c&nent shall be determined by means of the 
Victt needle apparatus shown. \ ' 1 * \ 

Foi the purpose of carrying ouf the tests*, a test block 
shall je made as follows - 

% Neat cem^it* shill be gauged* ir\ thS manner and under 
the conditions referred to in Clause 10, a*d £he gauging 
shall be completed before signs of setting occur, fte test 
blocjg shall then be made by filling the cetnent*gauge4 as 
above, into the Vicat mouijj shown at K, # the mould 
resting upon a non-porous plate. t The mould shall be com- 
pletely filled, and the surface # of the test*b]pek shall 4hen 
be smoothed off level with the top of the mould. „ 

Determination of Initial Setting Tifnr. — For the deter- 
mination of the initial setting time the test block confined 
in the mould and resting on the plate shall be placed under 
the rod bearing the needle ; the latter shall then be 
lowered gently into contact with the surface of the test 
block and quickly released, and allowed to sink into the 
same.* This process shall be repeated until the needle, 
when brought into contact with the test block and released 
as above described, does not pierce it completely. The 
period elapsing between the time when the cement is filled 
into the mould and the time at which the needle ceases to 
pierce the test block completely shall be the inijial setting 
time above referred to. 

Determination of Final Setting Time.— For the deter- 
mination of the fjnal setting time the needle (C) of the 
Vicat apparatus shall be replaced by the needle (F), shown 
separately.* The cement shall he considered as finally 
set when, upon applying the needle gently to the surface 
of the test block, the needle makes an impression thereon, 
while the attachment shown in the figure fails to do so. 
Tn the event of a scum forming'on the surface of the test 


* The Vicat Needle may, if desire*!, be fitted with a mechanical 
attachment such as a “dash-pot,” so as to ensure the steady 
and gentle application of the point of the needle to the surface 
of the test block and thereby render the test independent of the 
hand of the operator. „ . * ... ... 

Care must be taken that the needle rests with its £ull weight 
upon the surface of the test block. 
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t » * 

block, the underside of* the test blotk may, Re used for 
'determining the final set. 

• I t ‘ C 

13. Test , for 6otmdndqs.— The r ceniept shell be 
tested for soundness by the Le Chattier method/ The 
apparatus for conducting the Le fhatcliet* test is showp. 
The riioulds shall be kept in good condition, having the 
jfjvvs'i^ot mor<? ! than. 0.5 mm. aj»ypt. 

In conducting the test the mould shall be placed upon a 
snfall ])iece of glass and filled with cement gauged irf tWe 
manner and* under the conditions referred to in Clause 10, 
care being taken to ke<*p the edges of the mould gently 
together whilst this operation is being performed. The 
• rnoidd shall then he covered with another glass plate, upon 
whi^h a small weight shall be placed, and the whole shall 
then be immediately submerged in water at a temperature 
of 58 to 04 degrees Fahrenheit, and left there for 24 hours. 

The distance separating the indicator points shall then 
he measured, and the mould again submerged in water at 
58 to 64 degrees Fahrenheit, which shall be brought to 
boiling point in 25 to 00 minutes and kept boiling for six 
hours. The mould shall then he removed from the water 
and allowed to cool and the distance between the points 
again measured: the difference between the two measure- 
ments represents the expansion of the cement. When the 
sample h#s been aerated for 24 hours in the manner 
described in Clause 7, the expansion as above determined 
fihall not exceed 10 millimetres. Tn the event of the 
eminent failing to comply with this tcst t a further tdfct shall 
be made from another portion of the same sample after it 
shall have been aerated for a total period of 7«days in the 
manner before described when the expansion determined 
as above shall not exceed 5 mm. 

14. Non-Compliance with Tests.— Any cement 
which does not comply with the whole of the tests and 
analyses hereinbefore specified or which has not been 
stored in the manner provided in Clause 4, may be re- 
jected as not complying with this specification. 

» 

15. Copies' of Vendor's Tests and Analyses, Ac. 

—The vendor shall, if required, fujnish free of cost a copy 
of any document in iiik possession showing the result of 

• i 
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ant tests or analysis- inane tor mm or for any other 
person of any lenient sold or offered for sale 'to the 1 
purcmiser or of the lot from ^vhiPh’W* ceineftt so %old 
, ° 1 r i? f*r salt has been or Ts to he ’taken, and 
shall, ij required, at the time of purchase, furnish 
tr^e of cost a certificate ihatjthe cement so sold or offered 
for sale mis been tested and analyse*!, and tlptnuch tests 
and analysis comply in all^espects with this specification, 
hut tl^ 4 furnisning of such copies of documents or the <nvim r 
ol such t certificate shall not preclude the purchaser' from 
rejecting any cement which Tloes not comply* with this 
specification. 

16 . Delivery.-,- Cement. shall he delivered in b?Tgs, 
barrels or other packages, hearing tile manufacturers 
name. A purchaser desiring to have the cement delivered 
in bags, barrels or packages sealed or of any particular size 
must so specify at the time of ordering. 


t 

L. 


cr Any. \£\ 

\r*' 

iitU. 1925 



UNITED ^STATES 

STANDARD SPECinCATIONS'AND TESTS FOR 
PORTLAND CEMENT.- 

1. D^FiNinoN. — Portland cement iB tife product ob- 
tained by finely pul veri wing clinker produced by caleiirtng 
to incipient fusion an intirAate and properly proportioned 
mixture of ar^illaceoul ai?.d calcareous materials, with no 
additions subsequent to calcination excepting water and 
calbined or uncalcined gypsum. 

I. Chemioal Properties. 

2. Chemical Limits. — T he following limits shall not 
be exceeded : — 


Loss on ignition, per rent - 4.00 

Insoluble residue, per rent. - - - 0.85 

Sulphuric anhydride (S0 3 ), per cent. - 2.00 

Magnesia (MgO), per cent. - 5.00 


II. Physical Properties. 

.3. Specific Gravity.— The specific gravity of cement 
shall he not less than 8.10 (3.07 for white Portland cement). 
, Should the test of cement as received fall below this re- 
quirement a second test may be made upor an ignited 
sample. The specific gravity test will not be made unless 
specifically ordered. 

4. Fineness. — T he residue on a standard No. 200 sieve 
shall not exceed 22 per cent, by weight. 

5. Soundness— A *pat of neat cement shall remain 
firm and hard, and show no signs of distortion, cracking, 
checking, or disintegration in the steam test for soundness. 

6. Time of Setting.— The cement shall not develop 
initial set *in less than 45 minutes when the Vicat needle 
is used or OH minutes when the Gillmore needle is used. 
Final sfct shall be attained within 10 hours. 

(364) 



U. 8. STANDARD 8PECIFI 'CATIONS 365 

• • • # 


?. Tensile Strength.— The average, tensile strength 
in poqjids per square inch of not 4?ssithan three standard 
miortar ^riquettes (^ee Section 50) # aoiftposed of* one part 
cement %nd tlfree parts standard sand, by weight, shall be 
equal to*>r higher than the following , 


Age at Test. 
Leys. 

• 

^ Storage o%Brh}ueilPH ■ 

• 

7 

•1 clay in moist air, 8 days it* water 

• 

• 

28 

1 day in moist air, 27 days in ■frater 



h>nMleStm»srth. 
I lb. yer sq.in. 

I 

! . 200 

l 

l 300 • 


• • 

H. The average tensile strength of standard mortar 
28 days shall be higher than the strength at 7 days. 


III. Packages, Marking and Storage. 

9. Packages and Marking. — The cement shall be 
delivered in suitable bags or barrels with the brand and 
name of the manufacturer plainly marked thereon, unless 
shinned in bulk. A bag shall contain 91 lb. net. A barrel 
shall contain 876 lb. net. 

10. Storage. — The cement shall be stored in* such a 
manner as to permit easy access for proper inspection and 
identification of each shipment, and in a suitable weather- 1 
tight building which will protect the cement from damp- 
ness. 


IY. Inspection. 

11. Inspection. — Every facility shall be provided the 
purchaser for careful sampling and inspection at either the 
mill or at the site of the work, as may he specified by the 
purchaser. At least 10 days frofh the tyne of sampling 
shall be allowed for the completion of the 7-day test, and 
at least 31 days shall be allowed for the completion of the 
28-day test. The cement shall be tested in accordance 
with the methods hereinafter prescribed. The *28-day 
test shall be waived only when specifically so ordered. 
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Y. Rejection. 

12. Rejection .—,Th? cement may be rejected if # it fails 
to meet any of tlfe requirements of tjiese specifications. 

13. Cement shall not be rejected on account *d failure 
to meet the fineness requirement if uporv retest attcr drying 
at 100°,C. for one hour it nieets this requirement. 

M. Cement failing to me^t the test for soundness in 
steam may ke accepted if it passes a retest usiii£ a new 
Sample at any time within ‘28 days thereafter. t '* 1 

15. Packages trying more than 5 per cent, from the 
specified weight may ho /‘ejected ; and jf the average weight 
of packages in any shipment, as shown hy weighing 50 
packages taken }jt random, is less tbun that specified, the 
* satire shipment may he rejected. 

TESTS. 

YI. Sampling. 

Ifi. Ntmbek ok Samples.— T ests may be made on in- 
dividual or composite samples as may be ordered. Each 
test sample should weigh at least 8 lb. 

17. (a) Individual Sample. — If sampled in cars one test 
sample shall be taken from each 50 bbl. or fraction thereof. 
If sampled in bins one sample shall he taken from each 
100 bbl. 

1 (b) Composite Sample. — If sampled in cays obe. sample 

shall he taken from one sack in each 40 sacks (or 1 bbl. in 
each 10 bbl.) and combined to form one tefet sample. If 
samplet^in bins or warehouses one test sample shall repre- 
sent not more than 200 bbl. 

18. Method of Sampltno. — C ement may be sampled 
at the mill by any of the following methods that may be 
practicable, as ordered; — 

(a) From the Conveyor Delivering to the Bin. — At least 
8 11). of cement shall be taken from approximately each 
100 bbl. ‘passing over the conveyor. 

(h) From Filled Bins by means of Proper Sampling 
Ttt&e$.~Tubes inserted verticalljfmay be used for sampling 
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cement to a maxijttmm # deptli of lO’feet. Tubeft inserted 
horizontally may be used where the construction of the J)in 
permits. Samples shall be taken fiqjn joints w%ll distri- 
buted o^gr the*face ot # the bin* * 

(cj Fr8m FillediBiris at*Points of Discharge .—* Sufficient 
cement shall h>6 drawn from* the* discharge openings to 
obtain sanfjdes representative of the’ceipent dbiitainetf in 
the bin, as determined by tne aj>pe;vrance at the discharge 
opefcin£s of indicators placed on the surface of the cement 
directly ifbove these openings before drawing of the cement 
is started. 

19. Treatment of Sample - -Samples preferably shall 
be shipped and storad in air-tight containers. SampTes 
shall be passed through a sieve having ‘20 meshes per linear* 
inch in order to thoroughly mix the sample, break up lumps 
and remove foreign materials. 


YII. Chemical Analyses. 

Loss on Ignition. 

20. Method. — One grain of cement shall he heated in 
a weighed covered platinum crucible, of 20 to 25-c.c. 
capacity, as follows, using either method (a) or (6) as 
ordered : — 

(a) The crucible shall be placed in a hole in an asbestos # 
board ;• cfamped horicontally so that about three-fifths of 
the crucible projects below, and blasted at a full red heat 
for 15 minutes with an inclined flame ; the loss in Weight 
shall be checked by a second blasting for 5 minute^. Care 
shall be taken to wipe off particles of asbestos that may 
adhere to the crucible when withdrawn from the hole in 
the board. Greater neatness and shortening of the time 
of heating are secured by makings hole to fit the crucible 
in a circular disc of sheet platinum and placing this disc 
over a somewhat larger hole in an asbestos board. 

(b) The crucible shall be placed in a muffle at\any tem- 

perature between 900 and 1000° C. for 15 Iftinutes, and 
the loss in weight shall be checked by a second heating for 
5 minutes. * * 
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21. Permissible Variation.-M. permissible variation 
of 0.25 will be allowed, and all results in excess of the 
specified 'limit but Vvijlim this permissible variation shall- 
be reported as 4 percent, i 

Insoluble Residue. 

o r 

22. Method. — T q a 1-g. sample of cement shall be 
addfcd 10 c.c, of ‘water and 5fc. c. of concentrated hydro- 
chloric ?icid ; Hhe liquid shall be warmed until efferv*escgnce 
ceases. The solution styill be diluted to 50 , c.c. and 
digested on a steam 4 bath or hot plate until it is evident 
that decomposition of thC'cement is complete. The residue 
slpill be filtered, washed with cold water, and the filter 
paper and contents digested in about 30 c.c. of a 5-per 

'cent, solution of sodium carbonate, the liquid being held 
at a temperature just short of boiling for 15 minutes. The 
remaining residue shall be filtered, washed with cold water, 
then with a few 7 drops of hot hydrochloric acid, 1 : 9, and 
finally with hot water, and then ignited at a red heat and 
weighed as the insoluble residue. 

23. Permissible Variation. — A permissible variation 
of 0.15 will be allowed, and all results in excess of the 
specified limit but within this permissible variation shall 
be reported as 0.85 per cent. 

S u Iph u tie A nh y d rid e . 

24. Method. — One gram of the cement sh^U be dis- 
solved in 5 c.c. of concentrated hydrochloric acid 'diluted 
with 5 c.c. of water, with gentle warming; when solution 
is complete 40 c.c. of water shall be added, the solution 
filtered, tand the residue washed thoroughly with water. 
The solution shall be diluted to 250 c.c., heated to boiling 
and 10 c.c. of a hot 10-per cent, solution of barium chloride 
shall be added slowly, drop by drop, from a pipette, and 
the boiling continued until the precipitate is well formed. 
The solution shUl be digested on the steam bath until the 
precipitate has settled. The precipitate shall be filtered, 
washed, ^nd the paper and contents placed in a weighed 
platinum crucible and the paper slowly charred and con- 
sumed*without flaming. The t^rium sulphate shall then 
be ignited and weighed. The weight obtained multiplied. 
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• # • 

by 84.8 gives* the percentage of sulphuric anhydride. The 
acid filtrate obtained in the determination of the insotyible 
residiffe may be used for the estinffyion*of sulphuric anhy- 
dride instead of using a separate sample. • 

‘25. Permissible Vacation.— -A permissible variation 
of 0.10 will b^ iJllotfed, and* all «re$uLtd in excess of the 
specified limit but* within this permissible variation shall 
be reported a^2.00 per cerH. 

\](i(fn(^ia. 

26. Method. — To 0.5 g. of the dement in an evaporat- 
ing dish shall be added 10 c.e. of water to pretent lumping 
and then 10 c.c. of concentrated hydrochloric acid. The 
liquid shall be gently heated and agitated until attack* iff 
complete. The solution shall then be evaporated to com- 
plete dryness on a steam or water bath. To hasten dehy- 
dration the residue may be heated to 150 or even 200° C. 
for one-half to one hour. The residue shall be treated with 
10 c.c. of concentrated hydrochloric acid diluted with an 
•equal amount of water. The dish shall be covered and the 
solution digested for ten minutes on a steam bath or water 
bath. The diluted solution shall be filtered and the 
separated silica washed thoroughly with water.* Five 
cubic centimetres of concentrated hydrochloric acid and 
sufficient bromine water to precipitate any manganese 
which may he present, shall he added to the filtrate (about 
250 c.c.). This shall he made alkaline w r ith ammonium 
hydroxide, boiled uptil there is but a faint odour of am- 
monia, and tlie precipitated iron and aluminium hydroxides, 
after settling, shall be washed with hot water, once by 
decantation and slightly on the filter. Setting ^side the 
filtrate, the precipitate shall he transferred by a jet of hot 
water to the precipitating vessel and dissolved in 10 c.c. 
of hot hydrochloric acid. The paper shall be extracted 
with acid, the solution and washings being added to the 
main solution. The aluminium 2nd iron^hall then be re- 
precipitated at boiling heat by ammonium hydroxide and 
bromine water in a volume- of about 100 c.c v , and the 

* Since this procedure does not involve the determination of 
ailica, a second evaporation is unnecessary. 
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second precipitate shaft be collected and washed on *the 
filter used in the first instance if this is still intact. . To the 
combined filtrates froth, the ^hydroxides of iron and flumi- , 
ilium, reduced in volume if need be, 1 c.o. rf armfionium 
hydroxide shall be added, the solution brought to^boiling, 
‘25 c.c. of rf saturated solution, of boiling afumonium oxalate 
added, and ,the boiling continued until tte precipitated 
calciftin oxalate lia-s assumed a /yell-defined granular form. 
The precApitatte after one hour shall be filtered and washed, 
then with the filter shall be placed wet in a glatinfim 
crucible, ahd the pape£ burfted off over a small flame of a 
Runsen burndr; after ignition it shall be redissolved in 
hydrochloric' acid and the solution diluted to 100 c.c. 
Ammonia shall be added in slight excess, and the liquid 
boiled. The lime shall then be reprecipitated by am- 
monium oxalate, allowed to stand until settled, filtered and 
washed. The combined filtrates from the calcium preci- 
pitates shall be acidified with hydrochloric acid, concen- 
trated on the steam bath to about 150 c.c., and made 
slightly alkaline with ammonium hydroxide, boiled and 
filtered (to remove a little aluminium and iron and perhaps 
calcium). When cool, 10 c.c. of saturated solution of 
sodinm-ammoniu m-hydrogen phosphate shall be added 
with constant stirring. When the crystalline ammonium- 
magnesium orthophosphate has formed, ammonia shall be 
added in moderate excess. The solution shall be set aside 
for several hours in a cool place, filtered and washed with 
water containing 2.5 per cent, of NH S . The precipitate 
shall be dissolved in a small quantity,. of hot .hydVochloric 
acid, the solution diluted to about 100 c.c., 1 c.c. of a 
saturated solution of sodium-ammonium-hytirogen phos- 
phate ad^ed, and ammonia drop by drop, with constant 
stirring, until the precipitate is again formed, as described 
and the ammonia is in t moderate excess. The precipitate 
shall then be allowed to stand about two hours, filtered and 
washed as before. The gaper and contents shall be placed 
in a weighed platinum crucible, the paper slowly charred, 
and the resulting carbon carefully burned off. The pre- 
cipitate shall then be ignited to constant weight over a 
Meker burner, or a blast not strong enough to soften or 
melt thfc pyrophosphate. The weight of magnesium pyro- 
phosphate obtained prnaltiplied by ?2.5 gives the percentage 
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of*magnesia. The pitecipitate so Obtained always contains 
soine calcium sAid usually small quantities of iron .alu- 
minium, and manganese as ijhos^JfaW. • * 

^7. \khwi%sjhlk t \ AKiATfoN. — A ]>emussiMe variation 
ot be allowed ^ and all results in excess of the 

s^cified hunt, hut Vitliin tl«s irryiissVble variation shall 
be reported as 5.00 per cent' 


yill. determination of Specific' Gravity. * 

28. Apparatus. The detfrnii nation of specific gravity 
shall he made with a standardised Le ('haTelier apparatus 
wdueh conforms to tile requirements illustrated. This 
apjmratus is standardized by the I’nited States Bureau 
ot Standards. Kerosene free from wafer, or benzine *n<3t 
lighter than (52° Bnumc, shall he used in making this 
determination. 

21). Mkthod. The flask shall he filled with either oi 
these liquids to a point on the stem between zero and one 
cubic centimeter, and 154 g. of cement, of the same tem- 
perature as the liquid, shall he slowly introduced, taking 
care that the cement does not adhere to the inside of the 
flask above the liquid and to free the cement from air by 
rolling the flask in an inclined position. After all the 
cement is introduced, the level of the liquid will rise to 
some, division of the graduated neck ; the dilferenct between 
readings is the volume displaced by fj] g. ot the cement. 

The specific gravity shall then he obtained from the 
form'd a — , * 


•ftpeeifie gravity ~ 


Weight of cement (g.) 
Displaced volume (e.o. j 


30. The flask, during the operation, shall he kept im- 
mersed in water, in order to avoid variations in the tem- 
perature of the liquid in the flask, which shall not exceed 
0.5° C. The results of repeated, tests should agree within 
0 . 01 . ' 

31. The determination of specific gravity shall he made 
on the cement as received; if it falls below 3.1V), a second 
determination shall he made after ignitinglthe sample hk 
described in Section 20. 

2 A 
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IX. Determination of Fineness. 

31. ApjBAKATUB.-^-WiFe cloth for standard sieves for 
cement shall, be woven* (not trilled) from brajjs, bronze, or 
other suitable wire, and mounted vlithoiit distortion on 
J rames not less than l-^in. helot/ the top of the fraipe. 
The sieve* frames shall be circular, approximately Sin. in 
diameter, an&mayjbe provided jyith a pan and cover. 

33. A standard No. 200 sieve is one havin/'nominally an 
0.0020 in. opening and 200 wires per inch standardized fry 
the U. S. Bureau of Standards, and conforming to the 
following requirements : — i 

The No. 200 sieve should have 200 wires per inch, and 
tjien umber of wires in any whole inch 'shall not be outside 
the*' limits of 192 to 20S. No opening between adjacent 
parallel wires shall be more than 0.0050 in. in width. The 
diameter of the wire should he 0.0021 in. and the average 
diameter shall not he outside the limits 0.0019 to 0.0023 in. 
The value of the sieve as determined by sieving tests made 
in conformity with the standard specification for these 
tests on a standardized cement which gives a residue of 
25 to 20 per cent, on the No. 200 sieve, or on other similarly 
graded material, shall not show a variation of more than 
1.5 per cent, above or below the standards maintained at 
Jthe Bureau of Standards. 

i 

34. Method. — The test shall be made with 50 g. of 
cement. The sieve shall be thoroughly clean and dry. 
Tlje cement shall be placed on the No. f 200 sieve, it h pan 
and cover attached, if desired, and shall be held in one 
hand in a slightly inclined position so that the? sample will 
be well distributed over the sieve, at the same time gently 
striking tne side about 150 times per minute against the 
palm of the other hand on the up stroke. The sieve shall 
be turned every 25 strokes about one-sixfh of a revolution 
in the same direction. The operation shall continue until 
not more than 0^05 g. passes through in one minute of 
continuous sieving. The fineness shall be determined 
from the weight of the residue on the sieve expressed as a 
percentage* of t the weight of the original sample. 

35 . Mechanical sieving device^ may be used, but the 
cement shall not be rejected if u meets the fineness re- 
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qutrernent \Vhen testexl by tlie hirtid method described in 
Section. 34. 


aj mixing Ctement Pastes and Mortars. 

?G. Mutiiob. — Tfie quantity of d»y material to be mixed 
at one tiAe shall ftot exceed 4 000 g»nor be lels than £00 g. 
The proportions of cemeSt or cement* anc^ saiu^ shall be 
stated by weight in grams of the dry materials; the 
quantity of water shall he oppressed in cubic **cnti metres 
(1 o.c. of water -= 1 g.). The dry materials shall be 
weighed, placed upon a non-absorbent surface, thoroughly 
mixed dry if sand is used, and a crater formed in*the 
•centre, into which the proper percentage of clean watar 
shall be poured ; the material on the outer edge shall* be 
turned into the crater by the aid of a trowel. After an 
interval of half a minute for the absorption of the water the 
operation shall be completed by continuous, vigorous mix- 
ing, squeezing and kneading with the bands for at least 
one minute.* During the operation of mixing, the hands 
should be protected by rubber gloves. 

37. The temperature of the room and the mixing water 
shall be maintained as nearly as practicable at 21° C. 
(70° F.). 

XI. Normal Consistency. 

38. ^ .Vpakatcs. — T he Vicat apparatus consists of a* 
frame A bearing a movable rod B, weighing 300 g., 
one end C being 1 cm. in diameter for a distance of 6 cm., 
the other having a removable needle D, 1 nun. in diameter, 
6 cm. long. The rod is reversible, and can be iTeld in any 


*ln order to secure uniformity ip the results of tests for the 
time of setting and tensile strength the .manner of mixing 
above described should be carefully followed. At least one 

minute is necessanr to obtain the desired plasticity which is 
not appreciably affected by continuing the mixing for several 
minutes. The exact time necessary is dependent upon the per- 
sonal equation of the operator. Thq^error in mixing should be 
on the side of over mixing. 



374 U. S. STANDARD SPECIFICATIONS * 

desired position by a screw E , and 1 has midway betw£em 
the ^nds a mark F which moves under a 'scale (graduated 
to millimetres) attached' to, the frame* .1. The paste is< 
held in a conical, hard-rubbed ring (j/7 cm! in diameter 
at the base, 1 cm. high, resting gn a glass plate M about 
10 cm. squ’are. 

30. t Miyrncfb. — Ip making thg determination, ^500 g. of 
cement, c witln-a measured (pifintity of \v;fter, shall be 
ktleaded into a paste, as described in Section 3(?,' afid 
quickly formed into a ball w*Ali the bands, completing the 
operation by tossing it s^x times from one band to the 
other, maintained about (i in. apart; the ball resting in the 
palfii of one hand shall be pressed intp the larger end of 
thq rubber ring hefd in the other band, completely filling 
the ring with paste ; the excess at the larger end shall then 
be removed by a single movement of the palm of the band ; 
the ring shall then be placed on its larger end on a glass 
plate and the excess paste at the smaller end sliced off at 
the top of the ring bv a- single oblique stroke of a trowel 
held at a slight angle with the top of the ring. During 
these operation;; care shall be taken not to compress the 
paste. The paste confined in the ring, resting on the plate, 
shall be placed under the rod, the larger end of which shall 
be brought in contact with the surface of the paste ; the scale 
shall be tyen read, and the rod quickly released. The paste 
shall be of normal consistency when the rod settles to a 
point 10 mm. below the original surface in half a minute 
fcfter being released. The apparatus slpill be free t’rqni all 
vibrations during the test. Trial pastes shall be made with 
varying percentages of water until the normal consistency 
is obtained. The amount of water required shall be ex- 
pressed in* percentage by weight of the dry cement. 

40. The consistency of standard mortar shall depend on 
the amount of water required to produce a paste of normal 
consistency from the same sample of cement. Having 
determined the normal consistency of the sample, the con- 
sistency of standard mortar made from the same sample 
shall be abdicated in Tabic L, the values being in per- 
centage of the combined dry weights of the cement and 
standard sand. 
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1 Table I. — Pekcevta^e op Water for Standard Mortars. 


Percewfage of 
Water for Near 
Cement raste of 
# Normal 
Consistency 

Percentage of i| 
Wate^for One *j 
Cement, Three | 
Standard oftawai 
’ Sand : 

• i 

* % 1 

1 Percentage of J 

Water for Neat 
Cement Paste of 
Normal 

( TmSlstcncy 

• 

* 

Percentage of 
Water for One 
Cement, Three 
Standard Ottawa 
.Sand 

• 

• 


J w 

• 

.13 

• •* 

9.0 !| 23 « 

•10.3 

It) 

9.2 j 

a 24 1 

• 10.5 

17 

9.3 

• *25 # 

# 10.7 

18 

. 9.5 

20 

10.8 

19 

9.7 

j 27 ^ 

11.0 

20 

i 

9.8 

: 2s 

11.2 

21 

| 10.0 

i 29 

11.3 

22 

10.2 

i 30 

11.5 


I: 


XII. Determination of Soundness.* 

41. Apparatus. — A steam apparatus, which can he 
maintained at a temperature between UH and J(Jp° (’. , or 
one similar to that shown is recommended. The capacity 
of this apparatus may be increased by using a rack for 
holdiiiff the. pats ii^a- vertical or inclined position. •• 

4‘2. Method. — A )iat from cement paste of normal con- 
sistency about 3 in. in diameter, \ in. thick at the centre, 
and tapering to a thin edge, shall be made on clean glass 
plates about 4 in. square, and stored in moist air for 24 
hours. In moulding the jmt, the cement paste shall first 


•Unsoundness is usually manifested by^changc in volume 
which causes distortion, cracking, cheeking or disintegration. 

Pats improperly made or exposed to drying may develop what 
are known as shrinkage cracks within the first 24 hpurs and are 
not an indication of unsoundness. • 

The failure of the pats to remain on the glass or tha cracking 
of the glass to which the pats are attached docs not necessarily 
indicate unsoundness. 
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be flattened on the glass and the pat*chen formed by draw- 
' ing tjtie trowel from tfie outer edge toward the centre. 

43. The' put shalF tbeki be* placed in, an atmosphere of 
steam at the temperature between 98°»and 10b° Coupon a 
suitable support 1 in. above boiling water Jor 5 hoifrs. 

44. Should the pat leave fpe plate, distortion may be 
detected best' with straight ed^e applied to the surface 
which in contact witli the plate. 

XIII. ‘Determination of Time of Setting. 

4b. The following are alternate methods, either of which 
v may. be used as ordered : — 

‘46. VkViT A it ah ATrs. — The time of setting shall be 
determined with the Vicat apparatus described in Sec- 
tion 38. 

47. Vic vt Method. — A paste of normal consistency 
shall he moulded in the hard -rubber ring 0 as described in 
Section 39, and placed under the rod B } the smaller end 
of which shull then be carefully brought in contact with 
the surface of the paste, and the rod quickly released. 
The initial set shall be said to have occurred when the 
needle ceases to pass a point 5 mm. above the glass plate 
in half a minute after being released ; and the final set, 
when theineedle does not sink visibly into the paste. The 
test pieces shall be kept in moist air during the test. This 
may be accomplished by placing them on a rack ovey water 
contained in a pan and covered by a damp cloth' kept ‘from 
contact with them by means of a wire screen ; or they may 
be stored in a moist closet. Care shall be tafien to keep 
the needle^clean , as the collection of cement on the sides 
of the needle retards the penetration, while cement on the 
point may increase the penetration. The time of setting 
is affected not only by the percentage and temperature of 
the water used and the amount of kneading the paste 
receives, but by the temperature and humidity of the air, 
and its determination is therefore only approximate. 

48. Gillmore Needles— The time of setting shall bo. 
determinedly the Gillmore needles. The Gillmore needles 
should preferably be mounted. 

49. Gillmore Method.— T he time of setting shall be 
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d0termined f as follo f w»: — A pat otAieat cement .paste about 
3 in. in diameter and £ in. in thickness with a flat top* 
mixdfl to a normal consistency, •shift 1* be kep4 in ^noist 
air afr a temperature rn^intaineTl as nearly as prac- 
ticable^ 21° C. (70* F.). The cement shall be considered 
tc^have acquire*! iis iifltial # set # when*the pat will bear, 
without appreciable indentiwtion, tlfe Gillmore rredle T Un 
in diameter, loaded to wwgli J lb. * The hnift set haf been 
acquired when the pat will bear without a^reciajde in den - 
tftidn # the Gillmore needle V? in. in diameter, loaded* to 
weigh 1 lb. In making the test, the needles shall he held 
in a vertical position, and applied lightly tf) the surface of 
the pat. 

XlY. Tension Tests. 

50. Form of Tkst Pikcic. The form of test piece 
shown shall he used. The moulds shall he made of non- 
corroding metal and have sufficient material in the sides 
to prevent spreading during moulding. Gang moulds 
when used shall be of the type shown. Moulds shall he 
wiped with an oily cloth before using. 

51. Standard Sand. — The sand to he used shall be 
natural sand from Ottawa, TIL, screened to pass a No. 20 
sieve, and retained on a No. 30 sieve. This sand may be 
obtained from the Ottawa Silica Co., at a cost of three 
cents |>er pound, f. o. b. cars, Ottawa, 111. 

52. This sand, having passed the No. 20 sieve, shall be 
considered standard when not more than 5 g. pass the 
No. *3 fl si^ve after one minute continuous sieving of 
500-g. sample. 

53. The sieves shall conform to the following specifica- 
tions : — 

The No. 20 sieve shall have between 19.5 and 20.5 wires 
per whole inch of the warp wire* and between 19 and 21 
wires per whole inch of the shoot wires. The diameter of 
the wire should he 0.0105 inland the average diameter 
shall not he outside the limits of 0.01 6(-f and 0.0170 in. 

The No. 30 sieve shall have between 29.5 and 30.5 wires 
•per whole inch of the warp wires and between 2g.5 and 31.5 
wires per whole inch of the shoot wires. Xhe diameter of 
the wire should be 0.0110 in. and the average ‘diameter 
shall not he outside the limits O.fHQp to 0.011J5 in. 
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54. Moulding. — lmnfediately after t mixing, the stan- 
dard mortar shall be placed in the moulds, pressed in firmly 
with r che thumbs an^i f smoothed off with a trowel without 
ramming. Additional ‘hiortar* shall be* heaped abcfle the 
mould and smoothed off with a trowel*; the trowel Shall be 
drawn over* the mould ip sip*h a^mannei as to exert# a 
moderate pressure on the material. The, mould squill then 
be tunned over and the tfperation^f heaping, thumbing and 
smoothing off repeated. 4 t 

35. Testing. — Tests shall be made with any stfinclaf’d 
machine. The briquettes slihll be tested as soon as they 
are removed frdm the water. The bearing surfaces of the 
clips and briquettes shall be free from grains of sand or 
* dirt. k “ The briquettes shall be carefully centred and the 
load applied continuously at the rate of 600 lb. per minute. 

56. Testing machines should be frequently calibrated in 
order to determine their accuracy. 

57. Faulty Bkiqiettes. — Briquettes that are mani- 
festly faulty, or which give strengths differing more than 
15 per cent, from the average value of all test pieces made 
from the same sample and broken at the same period, shall 
not be considered in determining the tensile strength. 

XY. Storage of Test Pieces. 

58. Aitauati s. — The moist closet may consist of a soap- 
stone, slate, or concrete box, or a wooden box lined with 
metal. If a wooden box is used, the interior should be 
covered with felt or broad wicking kept wet. The bottom 
of the moist closet should be covered with wilt or. ‘The 
interior of the closet should be provided with nun-absorbent 
shelves on which to place the test pieces, the shelves being 
so arranged that they may be withdrawn readily. 

50. Methods. — Tnless otherwise specified, all test 
pieces, immediately aftei*mouldi»g, shall be placed in the 
moist closet for from 20 to 24 hours. 

60. The briquettes shaft be kept in moulds on glass 
plates in the moist closet for at least 20 hours. After 24 
hours in moist air the briquettes shall he immersed in 
clean water** in storage tanks of non -corroding material. 

61 . The air and water shall he maintained as nearly as 
practicable at a temperature of 21 ^C. (70° F.). 
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MrNisTRt of PrRuc Wonis, Bridles an» PficmvAYs. 
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IVfl N f SERIAL DECREE KeLATINC TO SlTITiJKS of (’emfInt 
AND 1 1 \ PRAKRIT ^jJMK. 

General ( 'onditioxs. 

Article 1. — All supplies of cement and lime used upob 
the works of the Administration of Public Works shall 
comply with the following requirements so far as they 
may apply, whether the materials are supplied direct to 
the Administration or to Contractors for use upon contracts 
-entered into with the Administration. 

PART I. 

Clauses Applicable to all Contracts. Mode of 
Delivery. 

Article l l — The cement shall he delivered in sacks or 
in casks. 

Ra«k£ ‘slyill confciin a nett weight of 50 kilogramme^ 
(110 lbs.). They must he stitched inside and sealed by 
means of a lead seal bearing the mark of the maker, and 
of a design accepted by the Administration. 

The casks shall hear on one of the heads the brand of 
the maker, and on the other thg nett weight of cement 
contained therein. 

The sacks and casks must he in good condition at the 
time of delivery. • 

All wet cement such as has been spoiled by difmp will be 
rejected. , 

A Bill of Lading or delivery note must bg forwarded to 
the Engineer in respect of each and every consignment. 

( 379 ) 
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'Storage. 

AAticlb 3. — The^skekfc or casks of cement shall W kept 
in dry stores* closed arftf roofe<J. Each consignment must 
be kept separate and distinct. 

The contractor f^mll be responsible* for the keeping of 
ceme,nt instore up to the fime of using, except as stipulated 
in Article 17/ , ‘ ' 

All sacjks orocasks of cement or lime which are found 
dahiaged or whose coverings are not in good condition <ut 
the time of ‘delivery will be injected. 

Tests. 

Article 4.— No cement may he Vised before Having 
h'eeVi submitted to the tests prescribed by the special 
schedule of instructions of the contract and thus received 
provisionally. 

The Engineer will have the right to re-test during the? 
whole time that the cement lies provisionally in the store, 
and to reject any consignment which may fail on re-testing 
to puss the specification. 

In the event of the tests having given unfavourable 
results, the Contractor may request that such tests he again 
carried out at the Laboratory of the Ecole des fonts ct 
Chaussces (School of Bridges and Highways). 

Sampling. 

Article 5. — The samples of cemept to be* submitted 
for testing shall be taken from such different points of 
several sacks, casks, or bins, as may he indicated by the 
Engineer. The cement coming from different consign- 
ments muSt not he mixed. 

Quality. 

Article 6 . — The cement must be of uniform composi- 
tion and quality. *• It must not contain either under-burnt 
material of any adulterating ingredient. 

, Fineness of Grinding. 

Article 7. — The tests shall b^ carried out on a sample 
of J00 grammes (about* 3.] ounces). 
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'% * 

The sieving will |b# effected by ‘means of sieves of 324, 
900 or 4,900 meshes per square centimetre. The wh*e of 
thfc & sieves will to? of the rt^peffriVe seizes of 10, lo or 5 
hundrlflths <if millfmetres. r * 

Apparent; Dehsity. 4 Weightier Bushel.) 

Article 8. — 'rtie weighted 1 be«detfnninld by pouring 
the cement gently withoutqiressure into a cylindrical metal 
imasflre, having a capacity of 1 litre per 10 centimetres 
depth.* 

The cement contained m uuy measure will be weighed, 
and the apparent density will be taken as the average of 
3 successive weighyigs. 

In case of dispute the test may be retaken with the aid 
of a hopper with sieves with holes of 2 millimetres. This 
hopper will he placed so that the end of its lower shoot is 
5 centimetres above the measure. 

The, cement or lime must be poured into the measure in 
such a way as to avoid all shock or shaking. 

When the measure is overflowing the surplus must be 
taken off by drawing over the top a straight-edge held 
vertically. 

Setting. 

Article 9.— The cement shall be gauged with fresh 
water to a firm paste and placed in the form (ff pats of 
about 4 centimetres thickness and these shall be im- 
rnediatcJy immersed in fresh water or in sea water as may* 
be prescribed by tlfb special schedule of instructions under 
the contract* 

The cement, the water for gauging, and the bath for im- 
mersion must be of a temperature of at least 159 Centigrade 
when it is a question of determining the initial set, and at 
the most 15° when it is a question of finding the time of 
the final set. 

The initial set shall be taken fro he at the moment when 
a Vicat needle having a seytion of 1 millimetre square, 
and weighing 300 grammes, no longer pierces through the 
pat. •• 

The final set will be taken to be when the* surface of the 
pat supports the same needle without it penetrating any 
appreciable distance, such as a tentTi of a millimetre. 
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In case of dispute it he considered that the pasted of 
cement is firm which when gauged at trie rate of 5 minutes 
per kilogramme, ar*i ti\dn placed in a 'box 4 centiifietres , 
deep, may be pierced V> the ilepth of ’6 millimetres from 
the bottom of the box by a rod of the* diameter of centi- 
metre and of the weight /if 3(>0 grammes.* 
t 

* Tensile Sfro&in. 

4 ,Ahtic£e 10T — 1 The tests for strength shall be carried q?4t 
with a firm paste of neat cerqent and with a plastic muortar 
of cement gauged with fresh water. They will be made by 
means of briquettes in the* form of an 8, having a section 
in the middle of 5 square centimetres. 

The moulds for making the briquettes shall all be filled 
at 6ne time, and when filled must be shaken in order to 
expel the air bubbles ; the paste or the mortar should then 
he pressed with a trowel , but not hammered. Then with 
the blade of a trowel the surplus should be taken from the 
top of the moulds and the surface smoothed. 

Each test will consist of the breaking of these briquettes, 
and the tensile strength will be taken as the average of the 
1 highest results. 

The mortar shall be mixed by weight in the proportion 
of 1 part of cement and 3 of dry sand. The sand shall be 
composed of equal parts of grains of 3 sizes separated by 
4 sieves perforated with holes of 1 and 2 millimetres 
diameter. 

«. The briquettes having been kept in a damp atmosphere 
and shaded from draughts and from th£ sun fot the length 
of time fixed by the special schedule of instructions under 
the contract, shall be taken out of the moulds and immersed 
in fresh Water or sea water as may have been prescribed 
by the schedule. In any case the water will be renewed 
every 7 days. 

In the event of dispute the firm paste of neat cement 
shall he taken as defined in article 9, and the plastic mortar 
shall be the mortar made wjth sand from the beach of 
Leucaute, supplied hv the Administration, and gauged with 
a quantity M water in the proportions of 1 kilogramme of 
cement and sand to 50 grammes, l-5th pp. being the weight 
of water necessary to transform % kilogramme of cement 
into a firm paste. 
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• Con traction <jr Cxpansiorf* in Heat or Cold. 

* Article 11. — The tests for qputraetion in qpld will be 
' madc^ith pats cement gauges!* vvTtli. fresh 'water to a 

firm pj^te. "The pafcs beingf about 10 centimetres diameter 
(about*! inches^ and 2 centimetres thickness (about 'j an 
infch) will be thinned ofl' at tllfe edges a nil placed pn squares 
of glass. • Tlie pats will be iAimersad (under ♦ho conditions 
fixed by the special schedftc of instruction^ under the con- 
tact)*, and kept in water until the final acceptance of ihe 
cement. , 

None of the pats must show thoislightes1#traee of swell- 
ing, cracking or blowing. The edges of the pats ihust 
remain attached to the glass and not lift at any point* 

r riie tests for expansion in heat wilkbe made on cylin- 
drical briquettes of a diameter and length of* 30 
millimetres, moulded in a tin tube .1 millimetre thick, 
split down one side, and having soldered on each side of 
the slit a needle of 150 millimetres in length. 

Twenty-four hours after the final set these briquettes 
will be immersed in water which will be gradually increased 
to the temperature fixed by the schedule of instructions, 
and maintained at this temperature during the time, like- 
wise fixed by the schedule, and then allowed to cool down 
to the initial temperature. 

The increase in the distance between the positions of 
the needles must not exceed that indicated in tfte special 
schedule of instructions. 

Constancy of Temperature. 

Aim cr,E J k 2. — The water in which the briquettes and 
pats are kept must he maintained at a temperature between 
P2° and 18° Centigrade, 53.0° F.— 04.4° F. 

Removal of Rejected Cement. 

Article 13. — The rejected cement must he taken away 
from the store at the risk and expense of the Contractor 
within 10 days dating from the notification of the rejection. 

In the event of the Contractor not conforming to this 
rule the Engineer will attend to the removal of $he rejected 
cement. It will be taken away and deposited at the ex- 
pense, risk and responsibility of the Contractor ih a store 
hired on his account. 
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PART II . - 

Clauses Applicable to Contracts for Supplier 
Without (Labour.' 

Orders. 

Article 14. — The cement, will be supplied in ruccessive 
lots under penalties for delay suhi delivery ydiieh will be 
stated or/ the iequisitions. o 4 , 

The special schedule of instructions under the contract 
will determine the mq-junium quantity of cement which 
may be requj/ed monthly droni the contractor, as well as 
the.giinimum time allowed for the execution of each order. 

In case of delay in delivery the Administration may, 
10 days after notification to the Contractor by the Engineer, 
purchase at his risk and expense the quantity of cement 
which shall not have been delivered. 

If the cement supplied gives cause for rejection, and if 
the Contractor being in arrears lias not replaced the rejected 
cement within 10 days or such longer time as may be fixed 
by the Engineer, the Administration may likewise buy at 
the expense of the Contractor a quantity of cement equal 
to that which may have been rejected. 

In both cases the amount of the contract will be 
diminished by the quantity purchased through the default 
of the Contractor, and the Contractor shall not be able to 
claim the benefit of Article 31 of the general clauses and 
conditions. 

* Return of Packing. 

Article 15. — The empty sacks will be returned to the 
store by the Administration as soon as may be convenient 
and held the disposal of the Contractor, who must 
remove them at his own expense. 

In default of removal ‘within the time fixed by the En- 
gineer, and in case of incumbering the store, the empty 
sacks will be returned immediately to the Contractor at his 
address and at his expense. 

The value of sacks not returned will be paid to the Con- 
tractor at the end of the contract at the price fixed by the 
schedule, of contract conditions without rebate. 

The empty casks will remain the property of the Govern- 
ment. 
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Height,, 

Article 16.— jftl the sacks or cafks will be weighed by ' 
w&y of check at the time of ^rri\fi^l*at4he store? 

TheVare will b£ determined by* weighing «a number of 
«acks *r casks equal to about 1(J per cent, of the total 
number. 


Receipt. 

* Article 17. — The provisional receipt *of eitteii lot % of 
supplies will be acknowledged as soon as the cement com- 
posing the consignment shall hav$ passed # the tests fixed 
by the schedule of contract conditions. ^ • 

The cement which shall not have been used withip six 
months from receipt shall be counted, as accepted at the 1 
expiration of this period after it satisfies all the prescribed 
conditions, and the contractor shall from that, moment be 
discharged of all responsibility for its keeping and storage. 

Certificates. 

Article 18. — Certificates will be issued within one year 
dating from the provisional receipt of the last consign- 
ment. 


Schedule of Instructions for Cement to be Used on 
Rea Works. ' , 

i > » Description of Product. _ 

Article 1. — The Portland cement must be produced by 
the grinding of an intimate mixture of carbonate of lime, 
silica, alumina, and ferric oxide burnt to tbe point of in- 
cipient fusion. 

Name and Supervision of Works. 

Article 2. — The cement nyist come exclusively and 
•direct from the works. * 

The Administration reserves to itself the right* to examine 
the whole process of manufacture, storage, ajjd despatch 
of the cement to be supplied in execution ,of the present 
contract, and may appoint a permanent representative at 
the works for the purpose of this inaction. 
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Method of Delivery. 

Article 3. — The cement shall be delivered frfe (in 
sacks or casks). 0 < * * , 

r 

Chemical Composition. 

Article 1. — TJ:c ceipentrinust noi contain more than 
1.5 per ivnt„ of sulphuric anhydride, «or mo^ than 2 
per cent, of magnesia, nor nj^re than 8 ner cent, of 
alumina, i nor Sulphides in appreciable quantities. , 

Jts hydraulic index, that is to say, the relation between 
the weight of the combined silica and alumina of the one 
part, and the weight of lbne and magnesia, of the other 
I ary will he at least .47 to 8 per cent, of alumina, with a 
diminution of .0*2 for every 1 per cent, of alumina below 
k |x>r cent. 

Fineness of Grinding. 

Article 5. — The cement must leave not more than 10 
fk'i* cent, of its weight on a sieve with 1,000 meshes per 
square centimetre, and at the most 2 per cent, on a sieve 
of 321 meshes 

Apparent Density. 

Article 6.— The weight of a litre of cement will he 
1,200 grammes (06 lbs. per bushel), at least. 

„ Time of Setting. 

Article 7. — The cement plunged into the fresh water 
enlist not begin to set before 20 minutes. 

Tensile Strain of Neat Cement.. 

Article 8. — The briquettes of neat cement plunged 
into sea wftfer at the end of 24 hours shall show the tensile 
strain per square centimetre of at least 15 kilogrammes 
(212 lbs. per square incli), in 7 days, and 30 kilogrammes 
(42 5 lbs. per aqua re inch), in 28 days. The strain must, 
moreover, increase by at l£ast 3 kilogrammes (43 lbs.) from 
the 7tli to vhe 28th day. 

Note. — T/jw figures are minimum. The Engineers COfi 
increase them after having assured themselves 
that the works ran supply what is specified. 
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Metrical Equivalents. 


1 Millimetre .. = .030 inch 

1 Metre . . . . = 39.37 inches 

1 Kilometre . . = 3280.9 feet 
1 8q. centimetre . . = ,155 sq. inch 

1 Square metre . . = 10.7$ square feet 
1 Cubic centimetre = .001 cubic inch 

1 Cubic metre . . = 35.3 cubic feet 

1 Litre .. .. m 1.76 pints 

1 Litre .. .. = .22 gallons 


•' % J 0 kilogramme 

1 Litre . . . . = % m " — w- 

1 Litre .. .. = 

1 Kilogramme .. = 

1 Kilogramme per 
square c/m =s 
1 Kilogramme per 
square metre = 

1 Calorie per kilo- 
gramme .. — 


ui.u cuoio mrnes 
.035 cubic loot 
2.2 lbs. r 

1422 n «■ 

.205 lbs. per 
foot 


sq. 


3.8 b.t.u. per lb. 


1 Inch .. .. = 

1 Foot .. = 

1 Yard . . . . = 

1 Square inch .. = 

1 Square foot .. = 

1 Square yard .. = 

1 Cubic inch .. = 

1 Cubic foot .. = 

1 Cubic yard .. = 

1 Pound (16 oi.).. = 
1 Cwt. (112 lbs.)., s 
1 Ton (20 cwts.) . . = 
1 Gallon . . . . = 

1 „ .. 

1 „ .. t = 

1 Cubit? inch -*o*f 
water . . . . = 

1 Cubic inch ,pf 
water . . . . = 

1 Cubic foot of 
water . . , . == 

1 Cubic foot of 
water . . . . = 

1 Cubic foot of 
water . . . . = 

1 Cubic foot of 
water . . . . = 


25.4 millimetres 
.305 metre 
.914 metre 
6.451 square centi- 
metres 

.093 square metre 
.836 square metre 
16.386 cubic centi- 
metres 

.028 cubic metro 
.764 cubic metre 
.454 kilogramme 
50.80 kilogrammes 
1,016 kilogrammes 
10 lbs. 

277.27 cubic inches 
.10 cubic foot 
4.54 litres 

» 

.036 lbs. 

.0036 gallons 
6.24 gallons 
28.32 litres 
.028 cubic metre 
.557 cwt. 


1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 


Cubic foot of 
water 

Cubic foot of 
water 

Cubic foot of 
water 
Foothead 
Tound of water 

Cwt! of water 

Ton !! 


1 ». » 

1 Cubic metre of 
water 

1 Cubic metre of 
water 

1 Cubic metre of 
water 

1 Cubic metre of 
water 

1 Cubic metre of 
water 

1 Cubic metre of 
ftater 

1 Cubic metre of 
water 


— .028 ton 

= 62.43 lbs. at 39.1° F. 

— 62.35 lbs. at 62° F. 

= .434 lbs. per su. in. 

= 27.72 cubic inches 
= .10 gallon 

= 11.2 gallons 

= 1.80 cubic feet 

= 35.97 cubic feet 
= 224 gallons 

= l,00d 'litres 

= 1 calM- 

= 220 *u,‘<r ro ^ 

— 1.31 cubic yards 

— 61,028 cubic inches 
= cubic feet 

= 1,000 kilos (at 4° C.) 
= 1 ton (approx.) 

= 1,000 litres 


To Convert— 

Lbs. per square inch 
Lbs. per square foot 
Kilos per square c/m. 
Kilos per square metre 
Grains per gallon 
Grammes per litre 
Gallons per square foot 
Litres per square metre 
Heat units 
Calories 


x 

x 

x 

X 

X 

x 

x 

x 

x 


.07 

4.88 

14.2 

0.2 

0.014 

73.09 

48.91 

0.02 

0.252 

3.968 


Kilos per square e/m. 
Kilos per square metre 
Lbs. per square inch 
Lbs. per square foot 
Grammes perlltro 
Grains pfr gallon 
Litres per squareemetre 
Gallons per square foot 
Calories 

7 Heat units J 


9 ! t 


( 387 ) 
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English Weights aKd Metrica? 


Cwts. 

Kilos. 

, Civts. 

» 

Kilos. 

1 

l 

Tons. 

r lVl(w. 

Tons.t 

6 

Kilos. ( 

Tony' 

< 

Kilos, 

1 

51 

, 11 

559 

1 

1016 t 

12 

12193 

35* 

35562 

2 

102 

12 

l>V0 


i2032 

13 1 

13209 

40 

401*42 

3 

152 

13 

660 

3 

{048 

14 

1422b 

45 

45722 

4 

203 

10 

711 

4 

#‘64 

15 

•15241 

<50 

50802 

1 

CM 

IS 

71* 

I 

NIL, 

10 

10X17 

IS 

ISOS? 

0 

305 

16 

813 

6 

00015 

17 

17273C 

60 

60963 

7 , 

356 i 

17 * 

864 

7 

7112 

18 

18289 

65 

66043 

a * 

400 

18 

914 

8 

8128 

19 

19305 

70 

1 .71*3 

9 

457 

I 19 

865 

9 

0144 

20 

20321 

80 q 

81284 

10 

Ml 

i * — 

— 

10 

10110 

fl 

15401 

•0* 

01444 



! — l 


f 11 

w 

11176 

30 

30481 

100 

1 101605 

■ 



Weights of Building Materials. 


A bushel of chalk lime (dry) weighs 50 lbs., and a bushel 
of stone lime (dry), 56 lbs. A measure is 1 cub. yd., and 
contains eighteen heaped bushels, or twenty-three striked 
bushels ; from this the weights can be calculated. A bushel 
of Portland cement (dry) weighs from 105 lb. to 110 lb. A 
bushel of hair for plaster, 14 lbs. to 15 lbs. A load of 500 
bricks, 9 in. by 4} in. by 2J in., weighs about 324 cwt., and 
a load of J, 000 plain tiles, 10£ in. by 6| in. by f in., weighs 
about 23 cwt. ; a load or cubic yard of sand, 26 cwt. to 
28J cwt. ; the same quantity of building mortar mixed 
^emi-dry), 24 cwt. to 26 cwt. Approximately, ‘as 4 filled 
into carts, 21 cub. ft. of river sand weigh a ton ; pit sand 
requires 22 cub. ft. to weigh a ton, under the sama conditions. 


21 cub. l 'ft. 

of river sand 

= 1 ton approximately. 

22 

pit santj 

s= a 

» 

22 

Thames ballast 

~ t* 

ft 

21 

gravel * 

— ft 

if 

60 

v ashes 

— >> 


25} 

shingle 

=5 ,, 

„ 


► t 


The weight Of sand as given by different authorities ranges 
as follows:— Pit sand, 90 lb. to 1QP lb. per oubic foot; 
Thames, 91 lb. to 10£ fc. ; river sand, 117 lb. to 118 lb. 
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De6imal Factions op a- Lineal Incut in 
• I Millimetres. 


• • 

InchN 

f 

Milli- 
, metres 

> Inch 

• 

# metres 

• 

Inch . • 

— « 

Milli- 

metres 

• 

.01 

. 2 **. 

*.39 * 

MSB 

»* • 

.77 

i 19,558 

.02 

• .508 

.40 


. . 78 * • 

19.812 

.03 

.%2 

.41 


. 78 


* 04 * 

1.016 

.42 

■ 



.06 * 

1.270 

.43 


.81 . 

20.574 

.06 

1.254 

.44 

11476 * 

. 8 * 

20.828 

.07 

1.778 

.45 

11.430 

.83 • 

21.082 

.08 

2.032 

.46 

11.684 

! .84 

21*36 

.09 

2.286 

* .47 

11.938 

• .86 

21 . 59(1 

.10 

2.540 

.48 



21 . 8*44 

.11 

2.794 

.49 




.12 

3.048 

.50 

12.700 

.88 

22.352 

.13 

3.302 

.51 

12.954 

.89 


• .14 

3.556 

.52 

13.208 

.90 

B ? stiffs 

.15 

3.810 

.53 

13.462 

.91 

23.114 

.16 

4.064 

.54 

13.716 

I .92 

23.368 

.17 

4.318 

.55 



23.622 

.18 

4.572 

.56 

14.224 

.94 

23.876 

.19 

4.826 

.57 

14.478 

.95 

24.130 

.20 

5.080 

.58 

14.732 

.96 

24.384 

.21 

5.334 

.59 

14.986 

.97 

• 24.638 

.22 

5.588 

.60 

15.240 

.98 

24.892 

.23 

£-842 

.61 

15.494 

.99 

25.146 

. 2 * 

(*096 

* .62 

15.748 

1.00 

25 . 400 " 

.25 

6.350 

.63 

16.002 

2.00 

50.799 

.26 

6.1304 

.64 

16.256 

3.00 

76.199 

.27 

6.858 

.65 

16.510 

4.00 

101.598 

.28 

7.112 

.66 

16.764 

5.00 

126.998 

.29 

7.366 

.67 

17.018 

6.00 

152.397 

.30 

7.620 

.68 

17.272 

7.00 

177.797 

.31 

7.874 

.69 

17.526 

8.00 

203.196 

.32 

8.128 

.70 

17 . 7 S 0 

9,00 

228.596 

.33 

8.382 

.71 

18.034 

10.00 • 

253.995 

.34 

8.636 

.72 

18.288 

11.00 

279.395 

.36 

8.890 

.73 

18.542 

12.00 y 

OA /< n<\A 

.36 

9.114 

.74 

18.796 

=■ l fctot ) 

oU 4 r . . 

• 

.37 

9.398 

i .75 

19.050 

— 


.38 

9.652 

• 

i .76 

1 . 

19.304 ‘ 

• 

' - • 

• 

— 
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Metres Lineal X aeds - 


Metres Yards Metres Yards •ll Metres Y^rds 


' 1.094 
2.188 
3 . 2 C 1 
4.374 
5.468 
6.562 
7.655 
8.749 
9.843 
10.936 
12.030 
13.123 
14.217 
15.311 
16.404 
17.498 
18.591 
> 19.685 
20.779 
21.872 
23.966 
24.060 
25.153 
26.247 
St .340 
28.434 
29.528 
30.621 
31.715 
32 . 809 * 
33.902 
34.996 
36.089 
37.183 


38.277 

4 l 39.370 


74.366 r 
7&460 
76.553 
77.647 
78.741 
79.834 
80.928 
82.021 
83.115 
84.209 
85.302 ' 
86.396 
87.490 
88.583 
89.677 
90.770 
91.864 
92.958 
94.051 
95.145 
* 96.239 
97.332 
98.426 
99.519 
100.613 
101.707 
102.800 
103.894 
104.987 
106.081 
107.175 
108.268 
109.362 


— « 
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.KjpjteiMMES DT VotTODS. 


~M • 

Kilo. 

m 

Founds 

• 

• 

i. 

Kjlos 

J 

• 

• 

Pounds 

Kilos 

J • 

Pounds , 

• 

A 

• 

* 

*. 

• 

• 

i-ii* -i. 

• 

2.205 

35 

77.162 

I *68 

•149.914 

2. 

4.409 

36 

79.366 

69 

152.119 

3 

6.614 

37 

• 81.571 

1 70* 

154.323 

4 

8.818 

38 

«3 .m 

71 

75 

156.528 

5 

11.023 

39 

85.980 

158.733 

6 

13.228 . 

40 

88.185 

| 73 

160.&7 

7 

15.432 

41 

90.389 * 

74 

163.142* 

8 

17.637 

42 

92.594 

75 

165.347 

9 

19.842 

43 

94.799 

76 

167.551 

10 

22.046 

44 

97.003 

77 

169.756 

11 

24.251 

45 

99.208 

78 

171.960 

* 12 

26.455 

46 

101.413 

79 

174.165 

13 

28.660 

47 

103.617 

80 

176.370 

14 

30.865 

48 

105.822 

81 

178.574 

15 

33.069 

49 

108.026 

82 

180.779 

16 

35.274 

50 

110.231 

83 

182.983 

17 

! 37.479 

51 

112.436 

84 ■ 

185.118 

18 

39.683 

52 

114.640 

85 

187.393 

19 

41.888 

53 

116.845 

86 

189.597 

20 

44.092 

54 

119.049 

87 

191.802 

21 „ 

. 46.297 

55 

121.254 

88 

194.010 

22 

48.502 • ! 

56 

123.459 

89 

196.211 

23 

§0.706 I 

57 

125.663 

90 

198.416 

24 

52.911 | 

58 

127.868 

91 

200.620 

25 

55.115 

59 

130.073 

92 * 

1 202.825 

26 

57.320 

60 

132.277 

93 

205.030 

27 

59.525 

61 

134.482 

94 

207.234 

28 

61.729 , 

62 

136.486 

95 

209.439 

29 

63.934 

63 

13g.891 

96 

211.644 

30 

66.139 

64 

141.096 

^97 

213.848 

31 

68.343 

65 

143.300 

98 • 

216.053 

32 

70.548 

66 

145.505 

99 , 

218.275 

33 

72.752 

67 

147.710 

10 P * 

220.462 

34 

t 

74.957 
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Pounds* per £4. InVin KidogsaKs j*m Sq. Cent. 

toua&t * Kllogrirae Pounds ^KUdffrAns Pounds Kilograms Pounds Kilograms 

persq. per square per rq. per* it,uare «pcr sq. per square per sq. per square * 

inch centimetre Inch centimetre I.ch centimetre {uch Centimetre 

^ 

1 0.0703 41 2.8826 81 5.3948 205 14.4129 

2 0.1406 I 42 2.-05&9 *82 5.7652 210 14.7645 

3 ,0.2109 j 43 3.6232 *83 5.8355 215' 15.1160 

4 0.2812 , 44 3.0935 8*4 5.9058 *220 15.4675 

<5 0.3515 45 3.1638 85 5.9761 225 18.S1A1 

6 0.4218 46 3.2341 ,, 86 6.0464 230 *i6.1706 

7 0.4921 v 47 39044 87 6.1167 235 16.5221 

8* 0.5624 i 48 3.3747 88 6.1870 240 16.8737 

9 f l 0.6328 49 3.4450 89 6.2573 245 17.2252 

10 0.7031 50 < 3.5153 90 6.3276 250 17.5767 

IF 0.7734 51 3.5856 91 6.3979 255 17.9283 

12 0.8437 52 3.6559 92 6.4682 260 18.2798 

13 0.9140 53 3.7263 93 6.5385 265 18.6313 

14 0.9843 54 3.7966 94 6.6088 270 18.9829 

16 1.0546 55 3.8669 95 6.6722 275 19.3344 

16 1.1249 56 3.9372 96 6.7495 280 19.6860 

17 1.1952 57 4.0075 97 6.8198 285 20.0375 

18 1.2655 58 4.0778 98 6.8901 290 20.3890 

19 1.3358 59 4.1481 99 6.9604 295 20.7406 

20 1.4062 60 4.2184 100 7.0307 300 21.0921 

21 1.4764 61 4.2887 105 7.3822 310 21.7951 

22 1.5167 62 4.3590 110 7.7338 320 22.4981 

23 1.6171 63 4.4293 115 8.0853 330 23.2012 

24 1.6874 64 4.4996 120 8.4368 340 23.9043 

—25 1.7577 65 4.5699 125 8.1884 3$ “24.6073 

26 1.8280 66 4.6402 130 9.1399 360 259104 

27 1.8983 67 4.7106 135 9.4914 370 26.0135 

28 1.9686 68 4.7809 140 9.8430 380 26.7166 

29 2.0&» 69 4.8512 145 10.1945 390 27.4196 

30 2.1092 70 4.9215 150 109460 400 28.1227 

31 2.1795 71 4.9018 155 10.8976 410 28.8258 

32 2.2498 72 5.0621 160 11.2491 420 29.5288 

33 2.3201 ,73 5.1324 165 11.6006 430 30.2319 

34 2.3905 74 5.2027 170 11.9522 440 30.9350 

36 2.4607 75 5.2730 175 129037 450 31.6380 

36 29310 76 5.3433 180 12.6553 460 329411 

• 37 2.6013 - 77 5.4136 1,85 13.0068 470 33.0442 

38 2.6717 78 5.4939 190 43.3583 480 33.7487 

39 2.7420 79 €5.9542 195 13.7099 490 34.4503 

40 2.8123 80 , 5.6246 200 ,14.0614 600 1 35.1533 
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